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Kimble’s accurate, Quality Glassware 
speeds laboratory procedures. 


Simple—NOW 14.01 ree 


Delivers %-ml volume accurately . . . fast. 
Single calibration mark saves time, avoids 
confusion. 


COMPLEX — riper 


Dispenses set volumes accurately, time after : 
time. A mere half-turn of the stopcock—one 
pipet fills as the other drains. j 


‘Class A tolerance (NBS Circular #602) 


TEFLON | Stopcock plug 
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For further information write Kimble Glass 
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Two volumes in 
Reinhold’s Organic Chemistry 
and Biochemistry Textbook Series 


Heftmann and Mosettig’s 
BIOCHEMISTRY OF STEROIDS 


by Erich HeFrMaANN and Ericu Mosettic, both of 
the National Institute of Health. This timely new text 
covers most naturally occurring steroid compounds 
and their pharmacologically important analogues. 
The classes of steroids are arranged in the text as much 
as possible in the sequence required for an understand- 
ing of their biogenetic relations. After a brief intro- 
duction to structure and nomenclature, each class is 
discussed with regard to distribution, biosynthesis, 
metabolism, physiological significance, structural 
specificity, and analytical determination. The book 
presents the subject in an expository style with nu- 
merous structural formulas to achieve maximum com- 
prehension and readability. Over 700 references to 
books and review articles published in the last ten 
years document the text. 


1960, 245 pages, Illus., 6 x 9, College Edition $5.75 


‘Meyer’s 
FOOD CHEMISTRY 
Here is a unique integration of food science with 
by H. Western Michigan University. 
food technology analysis through the common basis 
of chemistry. Composition and the changes in com- 
position that take place in such processing operations 
as cooking and canning are fully described. As a 
special feature the book includes a chapter on food 
additives and an appendix which contains a list of 
permissible food additives. Developments in related 
fields as they apply to food are also discussed. Here 
is a textbook that truly anticipates the need of students 
who wish to enter the expanding and rapidly changing 
food field. It is ideally suited for introductory courses 
in food chemistry as offered in departments of chemis- 
try, home economics, and food technology. 


1960, 320 pages, Illus., 6 x 9, College Edition $6.75 


TEXTBOOKS 


Two volumes in 
Reinhold’s Physical and 
Inorganic Chemistry Textbook Series 


Reid’s 
PRINCIPLES OF 
CHEMICAL THERMODYNAMICS 


by Cuartes E. Rem, University of Florida. A fresh 
and thoroughly logical approach to chemical thermo- 
dynamics. The author departs from the traditional 
text by considering entropy as*‘a postulate, rather than 
as a consequence of heat-engine theory. De Donder’s 
concepts of affinity and degree of advancement are 
used to simplify the treatment of chemical reactions. 
Equations for equilibrium conditions are derived di- 


_ rectly from the chemical potential, which leads to sim- 


pler derivations than is possible when the starting point 
is from fugacity, activity or concentration. In addition 
to these special features the book includes many recent 
developments in the field. An excellent text for senior- 
graduate courses. 


1960, 316 pages, Illus., 6 x 9, College Edition $6.50 


Sanderson’s 
CHEMICAL PERIODICITY 


by R. T. Sanperson, State University of lowa. 
Against a background of atomic structure and the. 
concept of chemical combination, the author discusses 
the physical nature of the elements, the binary chem- 
istry of oxygen, hydrogen, nitrogen, sulfur, fluorine, 
bromine, iodine, and the properties of simple alkyl and 
aryl derivatives for the elements. Chapters on the 
lanthanide elements and on the periodicity of coor- 
dination chemistry follow. Sanderson’s methods of 
estimating the effects of electronegativity differences 
among the atoms, fully described in the introductory 
section, provide approximate but quantitative infor- 
mation never before published. A collection of over 
60 periodic charts shows at a glance the general trends 
and relationships among all the elements, with respect 
to the physical properties of the elements or of their 
compounds with different nonmetals. 


1960, 336 pages, IIllus., 8!/, x 10'/,, College Edition 
$9.75 


REINHOLD COLLEGE TEXTBOOK DEPARTMENT 
430 Park Avenue, New York 22, N. Y. 
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SARGENT 


Laboratory Recorders 


Designed For 
Your Specific 
Laboratory Needs 


The Model “MR” Recorder 


Here is the ultimate in re- 
corders designed exclusively 
for almost all measure- 
ments commonly made in 
the chemical laboratory. ( 
This instrument measures 
current and voltage and all 
other quantities which can 
be transposed into potential 
or current signals. 
The Model “MR” fea- | 
tures: 31 Potentiometric 
Ranges; 9 Chart Speeds, or 
27 Chart Speeds with the 
Sargent Ratio Multiplier 
Attachment; and it is de- 
signed for laboratory bench 
operation. 
S-72150 Sargent Recorder 
(Pat. No. 2,931,964).......... $1725.00 


S-72151 Sargent Recorder 
with Ratio Multiplier Attachment, 27 
Chart Speeds.............. .$1775.00 


cCORDER 


For complete specifications 
write for Bulletin R 


The Model "SR” Recorder 


Sargent offers the Model SR 
to fill the need for a low 
cost recorder that features: 
maximum accuracy at a 
minimum cost; 250 mm 
width chart; fast balancing. 
speed of 1 second; high sen- 

| sitivity, high gain amplifier; 

and square cornering at 
10,000 to 50,000 ohms input. 
This instrument provides 
the minimum required 
flexibility at the lowest pos- 
sible cost. 


$S-72180 Sargent Recorder 
(Pat. No. 2,931,964)... .. $675.00 


P For complete specifications 
Designed and Manufactured by E. H. Sargent & Co. write for Bulletin SR-B 
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Chemical Instrumentation 


S. Z. LEWIN, New York University, Washington Square, New York 3, N. Y. 


This series of articles presents a survey of the basic prin- 
ciples, characteristics, and limitations of those instruments which find im- 
portant applications in chemical work. The emphasis is on commercially 
available equipment, and approximate prices are quoted to show the order of mag- 
nitude of cost of the various types of design and construction. 


Il. Infrared Spectrometers: 


Applied Physics Corporation 


One of the most highly developed infra- 
red spectrometers commercially available 
is the recently-announced Cary-White 
Model 90 instrument manufactured by 
Applied Physics Corporation, Monrovia, 
California. This is a double-beam, prism- 
grating double monochromator, ratio- 
recording spectrometer, as indicated by 
the optical diagram shown in Figure 26. 


r 


beam into two beams directed downward 
toward the mirrors F, and F., which re- 
flect the beams horizontally to the diagonal 
mirrors, G,; and G2. These redirect the 
beams through the two chopper discs, H; 
and H2, which are slotted so as to chop 
the sample beam 13!/; times per second, 
and the reference beam 262/; times per 
second. These chopped beams leave the 
source compartment through the windows 
I, and J, (one below the other), and pass 


G 


N 


X 


Figure 26. Optical diagram of the Cary-White Model 90 Infrared 


Spectrometer. 


Radiation from the source, A, which 
may be either a Nernst glower or a ni- 
chrome ribbon, is directed by the para- 
bolic condensing mirror, BB, behind it 
onto the flat mirror, C, which reflects it to 
the auxiliary condenser, D. From here 
it goes to the multifaceted beam splitter, 
E, which consists of a stack of alternately- 
oriented reflectors (cf., Figure 34 of sec- 
tion on Spectrophotometers, September, 
1960). The beam splitter divides the 


through the sample and reference cells, 
a, and a2. They enter the beam com- 
biner compartment through windows J; 
and J2 and fall on the diagonal mirrors K, 
and Kz. These send the beams to another 
pair of mirrors, Z; and Le, which send 
them to the beam combiner, M, a multi- 
faceted stack similar to the original beam 
splitter, E. The combined beam is di- 
rected to spherical mirror, N, to another 
spherical mirror, O, and is focussed onto 


feature 


the entrance slit, s. of the monochromator. 

The energy from the entrance slit falls 
upon the aberration compensator, Q, and 
thence to the collimating mirror, 2, which 
sends it to the KBr prism, S, backed by 
the Littrow mirror, J. After being dis- 
persed twice by its entrance and return 
path through the prism, the radiation is 
reflected by the collimator, R, to the 
aberration compensator, U, and thence to 
the intermediate slit, s2, through which it 
enters the grating monochromator. The 
aberration compensator, W, sends the 
beam to the collimating mirror, X, which 
directs a parallel beam onto the grating, 
Y. From the grating, the dispersed radi- 
ation falls on the second collimator, Z, 
which sends it to an aberration compen- 
sator, ZZ, that directs it to the exit slit, 
s3;. In the detector section, the toroidal 
focusing mirror, XX, sends the radiation 
to either a mirror, VV, or a LiF filter, VV’ 
(to eliminate stray radiation) which re- 
flects it to the ellipsoidal mirror, UU, that 
focuses the beam onto the detector. 

The amplified output from the detector 
consists of two frequencies; a 13'/; cps 
alternation corresponding to the intensity 
of the beam which passed through the 
sample channel, and a 262/; eps alternation 
corresponding to the reference beam. 
These two signals are sorted out elec- 
tronically, and their ratio is presented to 
the read-out recorder. 

This design is characterized by great 
stability and accuracy. Both the sample 
and reference beams follow a common opti- 
cal and electronic course over most of the 
route from source to detector, and are 
physically separated only in the vicinity 
of the sample compartment. The simul- 
taneous amplification and electronic com- 
parison of two different frequencies of the 
chopped signals has some advantages over 
the alternative technique of synchronous 
rectification of a single alternation result- 
ing from the switching of a beam between 
sample and reference channels. 

The prism has a base 100 mm on a side; 
the grating is 100 x 127 mm and is ruled 
with 75 lines per mm. 

The slits and scanning controls are pro- 
grammed to permit spectral recording 
either at constant resolution, at constant 
energy, or at manually chosen slit open- 
ings. 

A multipot zero compensation circuit 
is part of the design, so that the base line 
may be smoothed out as desired at 22 
points over the entire range. This permits 
a flat base line to be obtained at all times, 
even when using fogged or dirty cells. 

The accuracy of the instrument is +0.5 
em! in wavelength; +0.1% in trans- 
mittance. Resolution is 0.3 em~'; stray 
light is 0.1% T or less over the entire 
range; and the drift in the base line is 
less than 0.1% T per day. The cabinet 
is thermostatted, and an internal blower- 
treater unit removes CO: and controls the 
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Chemical Instrumentation 


humidity of the atmosphere within the 
instrument. 


Unicam 


A well-designed instrument of the 
double beam, optical null balance type is 


Mi 


P3 


M10 


PI 


MAGNETIC 


the Model SP. 100 Infrared Spectrometer 
manufactured by Unicam Instruments, 
Ltd., Cambridge, England (available in 
the U. S. through Wilkens-Anderson Co., 
Chicago 51, Illinois). This instrument is 
available with a standard single-pass, 
Littrow monochromator employing a 
60° prism, or with a prism-grating mono- 
chromator. The optical design of the 
latter type of instrument (Model SP. 100 


GOLAY 


MM] DETECTOR 


STAR WHEEL Nol 


PHOTOMETER 
BRIDGE 


STAR WHEEL No. 2 
EQUALISING 


Figure 27. Optical diagram of the Unicam Model SP.100 Infrared Spectrometer with Model 


SP.130 Grating Accessory. 


with SP. 130 grating accessory) is shown 
in Figure 27. This design, in which the 
grating is an accessory which is attached 
to a standard spectrometer, has the ad- 
vantage that the prism/grating combina- 
tion can be employed when the highest 
resolution is desired, as in searching for 
minor constituents, or in studying the 
shapes of bands; and yet the grating can 
be removed and the instruinent used as a 
prism spectrometer when an increased 
signal-to-noise ratio is needed, as in 
routine analyses. 

The prism is mounted on a _ turntable 
with space for up to 4 prisms of different 
material. Interchange of prisms and 
their associated cams is made by push- 
button, and an illuminated panel indi- 
cates the components in service. 

Two of the unique features of this 
spectrometer are the magnetic slit con- 
trol, and the starwheel attenuator. The 
magnetic slits consist of two plates which 
can be moved relative to one another. 
They are suspended on spring-loaded steel 
tapes which are fixed at their lower ends 
to the frame of the unit and at their upper 
ends to two strong leaf springs. Adjust- 
able tension is provided by additional coil 
springs. One plate, on which the right- 
hand slit jaws are mounted, is pulled to the 
right by a loudspeaker type coil operating 
in a suitable magnetic gap at the same 
time as the other plate on which the left- 
hand slit jaws are mounted is pulled a 
similar distance to the left by another coil. 
The coils are connected in series, and are 
in a cathode follower circuit which follows 


(Continued on page A74) 


New! ABSORPTION ATTACHMENT 


= 


B3C DIRECT READING SPECTROMETER 
for high speed analysis of ferrous and nonferrous 
metals and alloys, ore, and slag. Two meters 
focal length in stigmatic. mounting, 4 or 2 A/mm 
dispersion, and a capacity of 50 photomultipliers. 


BOOTH 477 A&B 
PITTSBURGH CONFERENCE 


LEGEND: (CF4 ATOMIC ABSORPTION ATTACHMENT) M=to mono- 
h holl cathode source. B=burner. D=gas valve. S=sample. 
For more information on Emission 


Spectroscopy write for OPTICA Bul- 
letin 6-5000. 


For more information on Absorption 


Spectroscopy write for OPTICA Bul- 
letin 6-1000. 


830 Evarts St., N. E. 
! Washington, D. C. 


In an issue mainly devoted to atomic 
absorption spectroscopy Analytical 
Chemistry predicts that this new tech- 
nique may be the major breakthrough 
in analytical work, in composition 
equilibrium, and in kinetic problems 
in many branches of science. (J. W. 
Robinson, Analytical Chemistry, July, 
1960). 


Most spectrophotometers with either 
grating or prism monochromators are 
easily integrated in the Optica Atomic 
Absorption Apparatus. Write for Bulle- 
tin 6AA-1000. 


VF1 VACUUM SPECTROGRAPH is designed 
for work in the Schumann region, below 2000 A. 
Uses a concave grating with one-meter radius 
blazed for 1700 A. To facilitate identification of 
wavelengths, tables of the emission spectrum 
carbon monoxide from a discharge tube have been 
prepared and are available from OPTICA. 
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The Coleman Photofluorometer offers this 
surprising ...and usable ...sensitivity 


It's true! The Coleman Photofluorometer® is sensi- 
tive enough to determine quinine concentration 
easily down to 3 parts in 10 billion—and when 
coupled with a Coleman Galv-O-Meter or Spec- 
trophotometer, its sensitivity can be multiplied 15 
times! Determinations such as that shown above 
are well within its range. 

This is one of the great advantages in using a 
Coleman Photofluorometer*a tremendous sensi- 
tivity range without the use of photomultipliers. 
In addition to high sensitivity, the Photofluorom- 
eter® remains unsurpassed for stability and ease 
of operation, with features like these: 

Sample is placed directly in the optical system. 
No doors or carriers to handle. 

Beam focuses within sample to eliminate inter- 
ference by alien light or scratches and stains on 
the cuvette. 


High intensity UV light plus continuous aper- 
ture control offer optimum excitation at all times. 


Matched cuvettes save time and trouble. 
Direct readings from large meter dial. 


Eliminates need for expensive and troublesome 
photo-multiplier. 


Decay of sensitive samples prevented by pro- 
tecting sample from irradiation except during read- 
ing. 

Filters are encased . . . protected from damage 
and many are pre-grouped for specific determina- 
tions. 


Drift due to temperature change is prevented 
by the sample’s position in the fan-cooled optical 
system. 


For complete data, ask for Bulletin BB-245A 


+ 
COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 


Volume 38, Number 2, February 1961 / A73 


vn 
he 
ed 
d- 
a- 
st 
| 
| 


Chemical Instrumentation 


the voltage variations of a resistively- 
loaded electrical cam, in the form of a 
tapped potentiometer, which has a slid- 
ing contact positioned by the rotating 
wave-number camshaft to which it is 
mechanically linked. Slit programs may 
be selected by switching between banks of 
fixed resistors which provide the loading 
of the electrical cam. 

The starwheel attenuator consists of a 
toothed wheel roating at 3000 rpm, which 
is moved into, or out of, the radiation beam 
in proportion to the light intensity in that 
beam. The starwheel has 24 spiral-cut 
teeth, so constructed that a radial move- 
ment of 50 mm causes the mean trans- 
mission of light through the wheel to 
vary linearly from 0% at the base to 90% 
a few millimeters from the end of the 
teeth. This type of attenuator is used in 
lieu of the comb type described previously 
to avoid any possible error arising from 
masking only part of the source image if 
it is not homogenous. A starwheel with 
an attenuator range of 5 to 15% trans- 
mission is mounted in the sample beam, 
and is adjusted manually by the operator. 
A starwheel with an attenuator range of 
0 to 100% transmission is mounted in the 
reference beam, and is adjusted auto- 
matically during a scan by the servo- 
mechanism. 

The monochromator is thermostatted, 
and the entire optical path is evacuated, 
or may be flushed. Evacuation of the 
optical system prevents the overloading of 


Figure 28. Optical diagram of Leitz Infrared Spectrograph. 


the servo system which tends to occur in 
regions of strong atmospheric absorption. 
A rotary oil pump and oil diffusion pump 
are integral parts of this spectrometer. 

The grating accessory consists of two 
gratings, with ruled areas of 90 x 60 mm, 
which are mounted back-to-back, slightly 
out of parallel. Fine controls on the grat- 
ing mounting allow an independent ro- 
tational adjustment of each grating about 
a horizontal or vertical axis. The whole 
grating assembly is mounted on a turn- 
table, and frequencies are scanned by 
rotation of this table through a lever and 
cam mechanism. One grating is ruled 
with 1500 lines per inch, and is used for 
the range 650 to 2150 cm; the other 
grating has 3000 lines per inch, and covers 
the range 2150 to 3650 em™!. 


Resolution is 1 em! at 900 em for the 
prism spectrometer, and 0.3 em~! for the 
prism/grating instrument. Transmission 
reproducibility is +0.2% T for the prism 
instrument, and stray light is less than 2% 
at 700 


Leitz 


The Leitz Infrared Spectrograph, manu- 
factured by Ernst Leitz, Wetzlar, Ger- 
many, and available in the U. S. through 
E. Leitz, Ine., New York, N. Y., is a 
double-beam, single monochromator, opti- 
cal null balance instrument of conventional 
design. The optical circuit, shown in 
Figure 28, is essentially the same as that 
of the Baird-Atomic Model NK-1 (cf. 
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its solvent. 


3805 N. 5th St. 


Direct Measurement 
of Difference in 
Refractive Index 


The New Brice-Phoenix Differential 
Refractometer uses a split cell to 


measure the difference in refractive 


Limiting sensitivity 3 X 10—*. 
For complete details write Dept. CE-3 


PHOENIX PRECISION INSTRUMENT COMPANY 
Phila. 40, Pa. 


MEASURE MOLECULAR WEIGHT 
AND PARTICLE SIZE 


NEW BRICE-PHOENIX UNIVERSAL 
LIGHT SCATTERING PHOTOMETER 


Measures: 
index between a dilute solution and 1. 


Absolute Turbidity 
2. Dissymmetry 


3. Depolarization 


This instrument is listed in U.S. Government specifi- 
cations for the evaluation of certain clinical materials. 
For complete details write Dept. CE-2 


PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. 


Philadelphia 40, Pa. 
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Picker quality nuclear training 


instruments budget outlay 


SCALER ANALYZER RATEMETER PROPORTIONAL WELL FLOW GEIGER TUBE 
CONVERTER COUNTER COUNTER 


PICKER NUCLEAR TRAINING INSTRUMENTS 
permit scheduling full laboratory courses in 
radioisotope techniques. 

These transistorized instruments are remarkably 
compact (as you can see above). They are good- 


* The Picker Nuclear Division is 
prepared to help interested insti- 


looking, rugged, easy to understand, and simple tutions in drawing up training 
to use. They have the versatility and capacity not programs in the use of nuclear 
only for basic nuclear training, but for handling techniques in biology, chemistry, 
advanced techniques like pulse height anaylsis medicine, agriculture, physics 
and rate function studies. and other fields. r 


Their cost falls well within the reach of modest 
equipment budgets, such as those supported by 
A.E.C, grants-in-aid in pursuance of its Nuclear 
Education Program.* For details, please call any 
local Picker office (see ’phone book) or write 
Picker X-Ray Corporation, 25 South Broadway, 
White Plains, New York. 


Standing behind every Picker instrument is a local member of the 
Picker X-Ray national sales and service network. 

He’s there to protect your investment. 

Because of him the user of a Picker instrument is never left stranded. 
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BURRELL 


“For Scientists Everywhere” 


ADVANCED 
INSTRUMENTATION for 
GAS CHROMATOGRAPHY 


BURRELL KROMO-TOG 


IONIZATION MODEL K-7 


Ultra-Sensitive, 
Completely Safe, 
lonizing Detector 


@ Analyzes Fixed Gases 
and Both Organic and | 
Inorganic Compounds 


© Column Temperature 
Programming—Either 
Manual or Automatic 


The new Burrell Kromo-Tog Model K-7 is designed 
for the most accurate chromatographic analysis possi- 
ble. Its thermionic emission ionization detector has 
greatly increased sensitivity, speeds analysis and per- 
mits use of small diameter columns and smaller sam- 
ples. It is the only method that will analyze both 
organic and inorganic compounds as well as fixed or 
permanent gases. 

Superior standard equipment includes a gas sam- 
pler, column temperature indicator, automatic 
controller for constant or programmed temperature 
operation, built-in flowmeter, and flash vaporizer. Po- 
tentiometer recorder, offered separately, mounts next 
to Model K-7 on laboratory bench or table top. 


Request complete data—ask for Bulletin No. 841. 


BURRELL CORPORATION 


SCIENTIFIC INSTRUMENTS AND LABORATORY SUPPLIES 


2223 Fifth Avenue, Pittsburgh 19, Pa. 
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Figure 8), or the Perkin-Elmer Model 21. 
The beam intensity in the reference chan- 
nel is adjusted by means of the diaphragm, 
B, until the reference and sample beams 
are equal. The recorder pen is linked 
mechanically to the motion of the refer- 
ence diaphragm. The source, N, is a 
Nernst glower, and the detector, E, is a 
thermocouple. 

Resolution is 1 em! at 10 microns with 
the 60° NaCl prism, 150 mm base, 100 
mm height. Accuracy of wavelength set- 
ting is +0.015 micron in the NaCl range, 
and accuracy of transmittance measure- 
ments is +1% of the transmittance for 
values above 20% T. 


Next: Nuclear Radiation Detectors. 


Requests have been received for additional 
detailed description of the Coleman Flame 
Photometer. The following section supple- 
ments the general treatment of flame photom- 
eters which appeared in the November, 1960, 
issue. 


10. Flame Photometers 
(Supplement) 


Coleman 


Coleman Instruments, Inc., Maywood, 
Illinois, manufactures a very popular in- 
strument, designated as the Coleman 
Model 21 Flame Photometer. This is 
fundamentally a single-beam, _filter- 
photometer instrument. The atomizer- 
burner unit, shown in Figures 16 and 17, 
is designed to produce a stable, concen- 
trated flame, into the base of which the 
sample is sprayed. The fuel gas, which 
may be either city gas (natural or manu- 


CYLINDRICAL SCREEN 


Se 


CONICAL SCREEN 
ATOMIZER ORIFICE 
TEFLON SPREADER 
BAFFLE PLATE 


TEFLON RING 


THUMB SCREW 
(NOT SHOWN) 


OXYGEN, 
TO ATOMIZER 
INDEX RING 
BURNER BODY 


SLIDING PLUG 
CAPILLARY 


ATOMIZER 


Figure 16. Diagrammatic representation of the 
design of the burner-atomizer unit of the 
Coleman Model 21 Flame Photometer. 


factured), butane, or propane, is intro- 
duced through the support tube. Its flow 
pattern, created by the shapes and posi- 
tioning of the baffle plate and Tefion flame 
spreader, is such that it mixes rapidly and 
uniformly with the oxygen gas coming up 
from the atomizer tube. A combination 


(Continued on page A78) 
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Write for literature 
which gives 


complete details 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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PARTICLE SIZE ANALYZER 


After Endter 
An entirely new method of analyzing and 
counting particles according to their size 


By means of an ingenious diaphragm 
which activates 48 different counters, the 
instrument, using enlarged photographs of 
the particles, permits the counting and 
classifying of approximately 1,000 particles 
in less than 15 minutes. 

Particularly valuable for analyzing photo- 
graphs of particles taken with the Electron 
Microscope. 

Instrument is approximately the size and 
weight of a typewriter. Moderately priced. 
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NOW AVAILABLE 
3 NEW RCL CATALOG 


18 

Eighty-four pages of = 

the newest, most modern & 
nuclear Instruments, 


Systems and Laboratory e 
Equipment available today. 2 


Circle the section of particular 
interest to you 


* Basic Small Instruments 
Transistor and Vacuum Tube 
Scalers, Rate Meters, Single 
Channel Analyzers, etc. 


®@ Multi-Channel Analyzers 
Transistor and Vacuum Tube 


Detectors 
GM, Neutron, Gas Flow Proportional 


Nuclear Systems 
Neutron Generators, Thickness and 
Density Gauges, Low-Level Gamma 
Counting System, Ratio Computers 
and Shielding 

General Accessories 

® Laboratory Glassware 

if you have not already received your free 


catalog, clip this ad, circle the sections of 
particular interest to you, and send it to RCL. 


POSITION 


ORGANIZATION 


STREET 


CITY & STATE 


4) 


4 Clip This Ad and Mail To: Dept. JC 


we Radiation Counter Laboratories, Inc. 
5121 W. Grove St., 
Skokie /il., U.S.A. Yorktown 6-8700 
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of a conical and a cylindrical screen serves 
to localize and control the volume of the 
flame, as well as to protect the flame from 
drafts. The streaming of the oxygen gas 
through the atomizer tube creates the suc- 
tion that pulls the sample up through the 
capillary (the bottom end of which dips 
into the sample container), and leads to 
the atomization of the sample at the top 
opening of the capillary. 


CYLINDRICAL FLAME SCREEN 


CONICAL FLAME SCREEN 
BURNER RING 


FLAME SPREADER 


BAFFLE PLATE , BURNER BODY 


SUPPORT TUBE 


OXYGEN, 


TO ATOMIZER 


| 


INDEX RING ~ 
SLIDING PLUG 


Figure 17. Exploded view of the burner- 
atomizer unit of the Coleman Model 21 Flame 
Photometer. 


The light generated in the flame is di- 
rectly viewed by a vacuum phototube, 
through a filter to isolate either the so- 
dium, potassium, or calcium emission 
lines. The photometric circuit is shown 
in simplified schematic form in Figure 18. 


ATOMIZER 


CAPILLARY 


STEADINESS 


Figure 18. Simplified schematic of the pho- 
tometer circuit employed in the Coleman Model 
21 Flame Photometer. 


The light impinging on the phototube 
cathode causes electron emission, result- 
ing in a flow of electrons up through the 
4000 megohm resistor. This generates an 
IR-drop, or voltage difference, across that 


(Continued on page A82) 


union tee 
straight union 


union elbow 
% straight union reducer 


bulkhead reducerunion bulkhead 


bulkhead 


reducer elbow male adaptor 


simplity 
tubing connections with 
Vari-Grip* Tetion Fittings 


No need to labor over glass ball 
joints or other intricate fittings or 
connectors with the new Beckman 
Vari-Grip* Teflon Tube Fittings. 
Simply insert glass or metal tubing 
into fitting and tighten nut for a 
perfect compression seal. Fitting 
design permits considerable 
variation in tube size. Since Teflon 
is more inert than glass it is 
unaffected by most liquids and 
gases. 4 A complete listing of 
time-saving Beckman Vari-Grip 
Fittings by size, type, and price is 
available from authorized Beckman 
laboratory apparatus dealers. 

Or write for Data File 36-2-09. 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, 


Fullerton, Cali 
* TRADEMARK, Bli 


straight bulkhead union bulkhead reducer union 
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FAST) LOCAL SERVICE 


meets all your laboratory 


chemical requirements 


Under its “B&A” label, General Chemical is the nation’s lead- 
ing producer of laboratory reagents and “C.P.” acids, offering 
more than 1,000 purity products. Yet General’s B&A service 
is local. Fast. And dependable. 


It has twenty-four strategically located distributing stations 
from coast to coast—staffed and set to serve you from the cities 
listed. At each, extensive stocks are maintained to suit local 
laboratory and industrial demands. They can also be built to 
supply the day-to-day needs of individual customers .. . a per- 
sonalized “plus” that means faster, better service for you. 


B&A reagents are also distributed by many leading labora- 
tory supply houses that offer standards of service comparably 
high. For further information, please write or phone your near- 
est B&A office. 


BAKER & ADAMSON® ( hemical 


Reagents 


Albany, N. Y. 
Atlanta, Ga. 
Baltimore, Md. 
Baton Rouge, La. 
Birmingham, Ala. 
Boston, Mass. 
Bridgeport, Conn. 
Buffalo, N. Y. 
Charlotte, N. C. 
Chicago, lil. 
Cleveland, Ohio 
Detroit, Mich. 


East St. Louis, Ill. 
Kennewick, Wash. 
Houston, Texas 
Los Angeles, Calif. 
Milwaukee, Wisc. 
*Montreal, Quebec 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Richmond, Va. 

San Francisco, Calif. 
*Toronto, Ontario 
*Vancouver, B. C. 


*In Canada: Allied Chemical Canada, Ltd. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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Announcing an outstanding nuclearfra 


NHS NEUTRON HOWITZER TRAVERSE (RADIAL) 


Source: 
Pu-be ~ 
14 108 M/SEC 
xe SURFACE 
‘ 
center une (cm 


Thermal neutron flux distribution in entry port using 
5 curie plutonium-beryliium source. Maximum flux 
is nearly 4 x 104n/cm2/sec about 3 cm from the 
center line. Reasonably large samples can be irra- 
diated with only slight flux variation within 6 cm 
radius from the source. 


Nuclear-Chicago’s new Modely- 


The Nuclear-Chicago Model NH3 Neutron Howitzer is a compact polished aluminum cylin- 


Physical Description of the Howitzer. A central 
storage tube in the Neutron Howitzer accepts 
as many as five one-curie plutonium-beryllium 
sources. Neutrons emerge from the source with 
average energies in the 4 MEV range. A moder- 
ating mass of paraffin around the central tube 
slows these energetic neutrons down to 
thermal" velocities (approximately 0.02 EV). 
Two horizontal entry ports extend from the 
central tube through the paraffin to the outside 
of the vessel. The chart at the left shows the 
radial thermal flux distribution. 

The neutron flux can be measured with BF3 
detectors, scintillation detectors, or with foil 
activation methods which are described in the 
experiment manual. Detector mounts, port 
drawers, indium and cadmium foils and a variety 
of foil holders and spacers are provided to 
simplify such studies. 


der 221" in diameter and 35” high. Ports are provided for neutron activation experiments. 


Radioisotope Production and Activation 
Analysis. Radioisotope production and activa- 
tion analysis are dramatic uses of the Neutron 
Howitzer which can stimulate and intrigue the 
student. Although the thermal neutron flux in 
the howitzer is relatively low when compared 
to reactors or particle accelerators, there :re 
many elements which can be activated in 4 
reasonable time in the device. Radioactive iso- 
topes produced in the howitzer are generally of 
low intensity, requiring only normal care in ‘he 
handling of the activated samples. 

Activation analysis with low-level sources has 
one major advantage over activities produced 
in a high flux device such as a reactor oF 
accelerator. Only isotopes with a high activa- 
tion cross section and a short half-life can be 
detected after a short irradiation, minimizing the 
confusion of multiple neutron-induced activities. 


4 
A 
~ 


€attraining device 


deNNH3 Neutron Howitzer 


For experimentation with low-level 
neutron sources .. . production of 
radioactive tracers . . . low flux acti- 
vation analysis 


Now, for the first time, a commercial 
instrument is available for detailed study and ex- 
perimentation with neutron sources. Although sub- 
stantial progress has been made in the education 
of students in the atomic energy field, the demonstra- 
tion and study of neutron radiations and effects has 
been largely neglected. To fill this important educa- 
tional need, Nuclear-Chicago Corporation conceived 
and designed the Model NH3 Neutron Howitzer. 


The NH3 Neutron Howitzer is a compact, versatile 
device designed for effective laboratory and lecture 
use in colleges and universities. A detailed manual 
supplied with the howitzer contains explicit and care- 
fully tested experiments which carry the inexperienced 
student safely and naturally from simple radiation 
measurements to relatively complex studies of neutron 
reactions. The design of the howitzer is such that 
original experiments and research can be easily 


42 inch source handling 
tong is provided for 
manipulation of neutron 
sources, 


A foil is placed ina 
holder for activation. A 
variety of foils are sup- 
plied with the howitzer. 


Spacers are provided for 
the port drawers so the 
holder can be positioned 
at various radii from the 


carried out. source. 


Supplied with all necessary accessories, the NH3 
Neutron Howitzer from Nuclear-Chicago forms a 
particularly appropriate nucleus for new radioisotope 
laboratories and makes an outstanding low cost addi- 
tion to existing educational facilities. For complete 
information please write for our NH3 Brochure. 


| 


Se A r mount is fur- 
m cylin CORPORATION detectors can be mounted 
343 E, HOWARD AVE., DES PLAINES, ILLINOIS = 
port. 

a The Neutron Howitzer Laboratory. The aver- 
bas, a age laboratory using radioactivity already has 
op the most of the instruments required for optimum 3 
ie te use of the Neutron Howitzer. A simple pre- 
moved amplifier converts any Nuclear-Chicago scaler 
at cal for use with BF3 neutron detectors. Foils and 
iP samples emitting gamma rays can be counted 
fa sal with highest efficiency in a well-type scintilla- 
alii i tion detector and a combination scaler-pulse 
tn the height analyzer. If continuous recording of 

gamma-ray spectra is desired, a recording spec- 
ile le trometer is invaluable. Nuclear-Chicago Model 
Most irradiated samples also emit beta radia- = 
tion and can be measured with simple beta 
counting instrumentation. An end-window af identi- 
oe Geiger tube, detector mount, scaler, and timer fying gamma emitting 
ing the are required. An absorber set will permit calcu- a by energy dis- 
‘vitios lation of beta energies and will also help in crimination. 


isotope identification. 


RADIOACTIVE © 
MATERIAL 
: 
2 
¢ 


for ultra-high 


ty. |. GAS CHROMATOGRAPHY 
C-26 
C-27 
C-24 *PARAFFIN WAX 
C-28 5 Micrograms 
16-x 
C-23 | C-29 
C-30 
C-31 
c-33 | 
Time 20 - 30 40 50 60 
Temp. 179° 207° 229° 246° 262° 


THE AEROGRAPH H-F ion DETECTOR 


This hydrogen flame ionization kit readily adapts to any Aerograph. 
It will also fit other commercia! or laboratory built 


gas chromatography units. 


features... 


e Temperatures to 300°C. 
Excellent for Temperature 
Programming.* 
e Extraordinary stabie 
base line.* 


e Sensitivity 10-'' moles. 
(0.001 micrograms) 


e Attenuation 1 to 1000 with a 
1% accuracy. as 


e High impedance 
transistorized electrometer. 


e Silky, 10 turn zero control. 


e Excellent operation with 
packed columns. 


The Aerograph Hydrogen Flame Kit Model A-500 
is complete and ready to use with stainless 
steel flame head, high impedance electrometer, 
shielded cables, air pump, air filter, gas con- 
nections, hydrogen restrictor, and one 5’ x ¥e” 


s.s. column. Delivery from stock $495.00. 


*to the chemist... 


Note the ease with which paraffin wax components from C,, to C,, are separated. A 
0.5 lambda sample of a 1% carbon disulfide solution (5.0 micrograms) was injected 
at 100°C. The furnace power was turned on full to program the temperature up to 
265°C in 62 minutes. A 5 ft. x ¥ in. SE-30 silicone column was used at 16* attenuation. 


FOR ALL YOUR GAS CHROMATOGRAPHY NEEDS 


WILKENS INSTRUMENT AND RESEARCH INC. 


P.O. Box 313 Walnut Creek, California 
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resistor, and this signal serves to control 
the grid-to-cathode voltage difference in 
the CK5886 electrometer tube. Conse- 
quently, the current reaching the plate of 
this tube is a measure of the light intensity 
seen by the phototube. 

The capacitor in parallel with the 4000 
megohm phototube resistor introduces a 
time delay in the building-up, or decay- 
away, of the IR-drop across that resistor 
due to the flow of photocurrents. Hence, 
it serves to smooth out the response of the 
electrometer tube when the light output 
of the flame is subject to rapid fluctuations 
in intensity; i.e., it results in an effective 
averaging of the flame intensity over a 
time period that is determined by the time 
constant (= R x C) of the phototube 
circuit. The two capacitors provided on 
the ‘‘steadiness’’ selector switch permit the 
time constant to be changed by a factor of 
2 to adjust to different degrees of flame 
stability. The “blk’’ controls serve to 
adjust the zero setting of the galvanometer 
to some convenient scale position, usually 
zero, when there is no sample, or a blank, 
in the flame. 

The output of the photometer may be 
read on any low resistance meter having a 
sensitivity of 1 microampere or less for 
full-scale deflection. The galvanometer is 
not provided with this instrument; in- 
stead, a plug-in connection permits this 
flame photometer to utilize the galvanom- 
eter read-out of any of the Coleman 
colorimeters or spectrophotometers, or to 
be connected to any other suitable gal- 
vanometer. 

Samples are atomized into the flame at 
the rate of about 1 ml per minute, and a 
stable reading is obtained in 10-20 
seconds. Full-scale deflections are ob- 
tained with solutions containing 1.2 ppm 
of sodium; this corresponds to a sensi- 
tivity of detection of sodium of about 0.02 
ppm, under conditions when a signal 2% 
of full-scale can be detected over the flame 
background. 


AUTOFLOW FEED APPARATUS 


4 
ASPIRATOR / 


Figure 19. Design of the Coleman Autoflow 
Sample Handling System for getting maximum 
utilization of small volumes of sample. 


ATOMIZER ADAPTER 


COLEMAN MODEL 21 
FLAME PHOTOMETER 


A useful accessory available with this 
instrument is the Autoflow Sample Han- 
dling System ($76), the principle of which 
is shown in Figure 19. The glassware and 
aspirator pump make possible maximum 
utilization of a small volume of sample; 
as little as 0.2 ml of sample will give 12 
seconds of galvanometer deflection with 
this method of introduction of the sample 
into the flame. 


: 
| 


Ask about our instrument leasing program. 
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A NEW 


Premium Quality at Competitive Price | AT TIMINUM 


CASE 
RIGHT: A-WEIGH 


One-Pan Analytical Balance 


improvements 
make this 
popular 
heavy-duty 
balance 


ACCURATE better than ever! 


EASY TO USE | 


CONTROLS 

All controls on front of case, clearly. . 
designated. Independent pan brake 
stabilizes the pan before beam is 
released. Simple mechanical zero : . ae Troemner Model 195-B. Sensitivity 0.1 
adjustment, large range, no distor- ee 2 gram; capacity 3 kilograms. $100. 


tion. Easy-working doors with com- 


READOUT 


Eye-level, in-line, unobstructed 
readout. Wide-spaced lines on pro- 
jected scale. Projection scale in re- 
cessed shadow box. Light filter in 
optical path cuts out glare. 


redesigned for all-around 
laboratory use, Troemner Models 
195-B and 2-89B are now set in a 
very sturdy aluminum case with 
chemical-resistant blue-gray finish. 


Choose according to desired capacity 


and sensitivity: Model 195-B has 


: FAST ...weighing procedure is simply to load pan, dial weights, capacity of 3 kg., sensitivity of 0.1 g.; 
ee read results. price $100. Model 2-89B has 6-kg. ca- 
7 ACCURATE ...substitution weighing eliminates arm-length pacity, 0.2-g. sensitivity; price $115. 
errors, gives constant sensitivity and accurate values. Weigh beams on both models are | 
EASY TO USE...anyone can weigh quickly and accurately 
ith the Right-A-Weigh ...f killed le for oth k. ’ 
with the Rig wer polished stainless steel. A modern 
Capacity: 200 g. Sensitivity: 1/10 mg. Readability: 1/20 division on projected scale index tower protects the easy-read- 
using vernier. Reproducibility: 0.03 mg. ing pointer. Sliding and locking tare 
Special Models: SCX, explosion proof; SCD, diamond balance calibrated in carats; weight. 


SC 300, 300 gr. cap. 
witogs For fast, accurate day-to-day deter- 


minations, these bala bel i 
& Symbol of Quality and Progress Since 1880. every modern 


See i 


MINS & SONS, INC. 
2151 LAWRENCE ST. - TELEPHONE Alpine 5-1723 + DENVER 5, COLORADO 


ai 


HENRY TROEMNER, INC., master Sts., Pots. 21, Po. 
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WHAT DOES PIPET BREAKAGE COST YOU A YEAR? 


Plenty of schools are finding that 
breakage costs them more in a year 
than they thought. 

Here’s how they figure. You start 
the year with 100 new pipets. Maybe 
25 break during the year. Replacing 
them adds 25% more to the original 
price. So they wind up paying 125% 
of what the price list says. 

That’s why we consider design as 
well as price when we make a pipet. 


PyreEx® brand No. 7102 Transfer 
Pipets don’t chip or snag easily, since 
they have smooth ground tips with 
double bevels. They’re made of heavy 
tubing to give more protection and 
the all-over toughness of No. 7740 
glass stands up to heat shock, impact 
and chemical attack. 

Try 100 of them next term and 
grade them against whatever you’re 
now using. At the end of the year, 


figure your costs and you'll find 
they’re less than before. 

You also save with the quantity 
discount you get on Pyrex ware. It 
runs up to 23.5%. 

For a look at the complete line of 
PyREX glass labware and its prices, 
write for catalog LG-2. 


of CORNING GLASS WORKS 


" 7602 Crystal Street, Corning, New York 
CORNING MEANS RESEARCH IN GLASS 


PYREX: laboratory ware ... the tested tool of modern research 
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The analyst who has never been be- 
sieged with laboratory filtration problems just 


doesn’t exist. Nor does a filter paper exist with 


the magical property of being all things to 
all analysts. Even Reeve Angel does not yet 
have the panacea of filter papers. But, 


we do offer a vast selection in a diversified line to 
meet almost every need you are likely to en- 
counter—and a skilled technical staff who 
can make intelligent, A knowledgeable rec- 
ommendation on your Sf specific filtration 
problems. We invite your inquiries. Write today 
for a list of Reeve Angel 


filter products. n l 
reeve angel 
reeve angel 
reeve angel 


9 BRIDEWELL PLACE e CLIFTON, NEW JERSEY 
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Out of the 


EDITOR’ 


S BASKET 


When writing for additional information about new products or for 
new literature, your inquiry will ‘receive prompt attention if you write 
on your firm or Institution letterhead and mention the Journal of 


Chemical Education and the date of the particular issue. 


Pamphlets, 


booklets and similar literature ure gratis unless otherwise specified. 


| 
New Apparatus and Equipment 


>A new miniature '/1. HP oil-less motor- 
powered compressor and vacuum pump 
that is said to deliver more free air than 
any rotary, diaphragm or piston design 
unit of the same horsepower is now 


available frorh Bell & Gossett Co., 


Morton Grove, Illinois. 


>The new Model 2586-S “Cutie Pie,” 
recently announced by Nuclear-Chicago 
Corporation, 359 E. Howard at Nuclear 
Dr., Des Plaines, Illinois, is the first 


“Will our new laboratory 
require special sinks for 
special corrosives?” 


Not if you are careful to specify U. S. Chemical 
Porcelain Sinks. For these are the laboratory 
sinks with time-proven ability to handle all cor- 
rosives safely. 


Years of continuous service in leading hospitals, 
universities and industrial laboratories throughout 
the world attest to the everlasting durability of 
solid chemical porcelain under ali types of cor- 
rosive conditions. Acids, alkalies, caustics, solvents 
—hot or cold, mixed or concentrated—a “U. S.” 
sink handles them all. Commonly used cleaning 
solutions (such as potassium chromate and con- 
centrated sulphuric acid) which may attack-other 


CHEMICAL CERAMICS DIVISION 


materials cannot harm “U. S.” porcelain ~~ 
With normal routinesrinsing even hydrofluo} 
acid presents no special problem. 

“U. S.” sinks offer many excellent advantages. 
Scratch-resistant, stain-free, smooth gray-glazed 
surfaces assure a lifetime of beauty. No honing 
or scouring is ever’ required. High mechanical 
strength and superior heat-shock resistance for 
years of reliable, maintenance-free service. 

Your Laboratory Furniture Dealer can give you com- 
plete details. See him or write for your free copy 
new Bulletin L-8R describing over 50 standard sizes 
and many styles. 


U. S. STONEWARE * 


1216 


AKRO® 9, OHIO 


gun-type survey meter which provides 
both rate of dose and accumulated dose 
measurements. The instrument is used 
for monitoring beta, gamma, and x- 
radiation of low and medium intensity. 


p> Conventional Buechner Funnels, which 
are made in one piece, make cleaning a 
severe problem. The American Agile 
Corp., 5461 Dunham Rd., Maple Heights, 
Ohio, offers a new Buechner Table Type 
Funnel which features a removable filter 
plate section for ease of cleaning. 


> Lourdes Instrument 656-76 
Montauk Ave., Brooklyn 8, Y., has 
developed a unique metal eae and 
sealing cap (patent pending). It permits 
fragile polyethylene. bottles to be com- 
pletely filled and ‘effectively sealed for 
centrifugation in angle type, superspeed 
centrifuges at forces up to 68,000 X 
Gravity. 


> The Dec-O-Gram, a new high-form 
heavy duty triple beam balance, has been 
introduced by Ohaus Scale Corp., 1050 
Commerce Ave., Union, New Jersey. 
High» capacity (2610 grams), fine sensi- 
tivity, and sturdy construction, highlight 
this newest addition to the Ohaus line. 


p> Yellow Springs Instrument Co., Box 
106, Yellow Springs, Ohio, announces the 
reledbe of a new price dual-channel 
recorder, the YSI Model 81. The Model 
81 provides two channels of input which 
simultaneously record full scale. Trace 
identification is provided to avoid con- 
fusion when recorded parameters cross or 
run, close to each other. The unit can be 
ruh either dual-channel or single-channel 
as required. 


p A Stainless-steel vacuum trap, Vactrap, 
designed to provide a handy portable 
condensing system with ultimate vacuum 
of .3 microns, has been introduced by 
Instrumentation Associates, 17 W. 60th 
St., New York, N. Y. 


p> A “Threaded-Glass and Teflon Needle 
Valve which provides fine fluid control and 
permits continuous visual observation of 
flow has been introduced by the Glass 
Products Division, Fischer & Porter Co., 
Warminster, Pennsylvania. The glass 
tube .ifself is threaded by an exclusive 
F&P process which eliminates the need 
for .conventional metal threads and 
allows for a simplified two-piece construc- 
tion. 


kp» To meet the many and varied demands of 
at laboratory and industrial users, Hoke 


“WInc., Tenakill Park, Cresskill, New 


Jersey, has developed an entirely new 
line of general purpose pressure regulators. 
Designated as the 680 Series, these 
regulators provide a controi accuracy of 
2%. Delivery pressures to 140 psi, 
and rated flows to 2000 SCFH air are 
obtainable with excellent regulation char- 
acteristics. 


> Butyl dry box gloves are now available 
that are said to be as much aq10 times less 
permeable ‘tp moisture as 


(Continitfed on page A89). 
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accidents can and will happen. 
—as long as glassware is used by stu- 
dents or lab technicians. And it always 
seems to happen to the most eer 
item! 


you have been 
heat-resistant laboratory glassware 
under the impression that it is 
stronger, more rugged and less prone 
to break . . . stop and think for a 
minute. Does this really make sense? : 


If you intend to use the item in contact 
with a flame, then purchase heat- 
resistant glassware, by all means. I 
you value economy in your laboratory - 
operations, however, think twice be- 
_ fore you spend extra money needless- 
Specify: Diamond D Laboratory 
lassware and mig sure you are geting 
maximum value for 


at : 

ahs 
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existing neoprene gloves. For additional 
information, write CAEMCO P. O. Box 
3693, Jacksonville 6, Florida. 


> Scientific Glass Apparatus Co., Inc., 
Bloomfield, New Jersey, announces the 
development of a new device called Burd- 
Watcher II for automating, programming, 
monitoring, and controlling reactions 
and distillations of any size. According to 
the company, the versatility of the Burd- 
Watcher allows almost endless variations 
in circuitry to fit individual programs 
needed for chemical reactions and dis- 
tillations. : 


p> U. S. Nuclear Corp., P. O. Box 208, 
801 N. Lake St., Burbank, California, 


Co-60 and Cs-137 sources. Cavity size 
and materials have been selected to 
allow irradiation of diverse systems rang- 
ing from small animals and other biological 
samples to dynamics of chemical and 
electronic experiments to testing of 
materials. Design is such that con- 
tinuous instrumentation of experiment 
and control of environment is possible. 


p> Alconox, Inc., makers of laboratory 
detergents have announced a new 50- 


convenient tab for hanging on the wall, 
contains 50 individually-sealed oz. 
packets of Alconox, each measured to 
make '/,-gallon of the detergent that 
meets the most exacting requirements of 
hospital, medical and laboratory use and 
is recommended for the safe, thorough 
cleaning of all instruments, glassware and 
equipment. The new dispenser pack may 
be ordered from any laboratory supplier. 


> The Professional Tape Co. is now 
making a new scientific tape called ‘TSI 
Tape,” the positive reactor tape con- 
structed to react at 250°F. after a 15 
minute period in the autoclave or oven. 
It is a pure white tape and the word 
“Sterile’’ shows after sterilizing. Because 
of its scientific calibration, it is most 
adapted for sterilizing glassware and can 
be attached to any solid material such as 
glass beakers, trays, Petri dishes, wire 
baskets, cannisters, etc. 

TSI (Time Sterile Indicator) Tape is 
available in a continuous roll either in 
500” or 2160” lengths. Complete details 
and prices are in a folder available from 
Professional Tape Co., Inc., 355 Burling- 
ton Rd., Riverside, Illinois. 


New Literature 


@ A new melting point apparatus which 
for the first time provides reproducible 
results of known and constant accuracy 
is now available. For the fully illustrated 
four-page bulletin (No. 322) write to 
Harshaw Scientific, Division of The 
Harshaw Chemical Co., 1945 E. 97th 
St., Cleveland 6, Ohio. 


(Continued on page A90) 
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Dispenser Pack. The dispenser, with’ 


WELCH socter” CONDENSERS 


Now Feature Outer Jacket of Unbreakable Transparent Plastic 


Metal inlet and outlet tubes can be placed 
at any convenient angle 


EXTRA THICK END WALLS 
Adds te system 


SSS SSS 


CAPS CAM BE TURNED — 
tubes mey be 
set ot ony 


Actual use will 
convince you of the 
superior features 
of the Welch 
Straight Jacket Condenser 


PLASTIC OUTER JACKET—Soft glass tube PLASTIC OUTER JACKET—Pyrex-brand glass 
Complete with soft glass inner tube and plastic ; , 
po tube. Complete with Sless inner tube and 


Length of jacket,mm, 250 300 400 500 600 750 Length of jacket, mm, 300 400 500 
Length over-all mm, 475 525 625 725 825 975 Length over-all, mm, 525 625 725 
O.D., outer 25 25 25 2 25 25 O.D., outertube,mm, 25 25 25 

tube, mm, O.D., inner tube, mm, 12 12 12 
O.D., inner 12 #12 72 

tube, mm. 
No. 4941 

Each, $1.45 $1.55 $1.65 $1.85 $2.00 $2.70 No. 4941P. Each $2.55 $2.80 $3.10 
THE WELCH SCIENTIFIC COMPANY 
ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


SUPER-COLD 


with EXTRA-FAST PULL-DOWN TIME! 


Foruma 
FRIGID-MIDGET 


The Frigid-Midget has a cold walled, stainless steel 
inner work chamber, (fast pull-down time from am- 
bient to —100°F in 1'/, hrs). Air-circulation fan 
housed in separate compartment with safety per- 
forated grille. Separate switch to cut off air circula- 
tion when lid is open. 


Inner chamber entirely insulated. . Special 
ECONOMICAL 

glass wool around heat exchanger. . Double- eg = 
gasketed with silicone rubber. .All controls done by far more costly equipment! 
front mounted including access panel for VERSATILE 
thr h : So many uses, no pelvaestocy can afford 

ough connections. be without Frigid gett These 

in te: ic compo- 
TEMPERATURE RANGE —100° F to ambient. 
. (Other ranges avail.) fitting, tool fitting. 

OVERALL DIMENSIONS—24” W X 23” F.to B. X 38” H. MOBILE 
INSIDE DIMENSIONS—12” W X 14”F. to B. X 1234" H. 
115 Volts 11 Amps 60 Cycles Cat. No. JC 70493. .Each, $1600.00 


STANDARD SCIENTIFIC Ea 


} 
808 BROADWAY 
| Supply Corp. NEW YORK 3,N CHEMICALS 
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WHY SELECT ACE 
FIBER GLASS SINTERED 


FILTERS? 


Quality and Greater Abrasion Resistance. Ace filters, the first Ameri- 
can made sintered glass filters, feature a glass fiber structure, more 
abrasion resistant because it is fused together on a larger area. Par- 
ticles do not detach from the filter body as easily as spherical granules. 
The shock and chemical attack resistance of glass is unimpaired as 
the Ace fiber glass sintered filter is made entirely of glass. You are 
assured of Ace Glass quality: each filter plate is individually tested for 
porosity and hardness. 


ally priced. For instance, the Filter Funnel (Cat. 447305 in the 20 ml. 
cap. with 20 mm. disc), shown in photograph above, is listed at $3.20. 
Ace fiber glass sintered filters have been incorporated into a wide 
variety of Ace glassware described in our new filterware brochure. 
Get it for your files! 


Selection and Economy. Ace fiber glass sintered filters are economic- 


Write Dept. J for your copy of Filterware Brochure No. 6050. 


ACE GEASS 


4 INCORPORATED. 
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@ Write to Schuco Scientific, 75 Cliff St., 
New York 38, N. Y., for complete cata- 
logue of ‘“Heto’’ pumps. They are 
adaptable to a variety of different tasks. 


@ Data Sheet 51, describing a new one- 
cubic foot capacity Glasteel conical 
dryer-blender, is available from The 
Pfaudler Co., a division of Pfaudler 
Permutit Inc., 1122 West Ave, Rochester 
3, New York. 


@ Just off press and packed with hundreds 
of unusual and hard-to-get values in 
Science, Math and Optical equipment, a 
new 144-page Catalogue is now available 
from Edmund Scientific Co., Barrington, 


. New Jersey. 


@ Complete technical and operating data 
on Cenco’s Color Matic Endpoint De- 
tector and Digital Readout Volumatic 
Syringe has been published by Central 
Scientific in a new 16-page booklet. 
Booklet 285 is available from Central 
Scientific, a division of Cenco Instru- 
ments Corp., 1700 Irving Park Rd., 
Chicago 13, Illinois. 


@ A new 40-page booklet giving complete 
chemical and physical properties of 
caustic soda is available from U. S. 
Industrial Chemicals Co., 99 Park Ave., 
New York 16, N. Y. 


@ Atomic Energy of Canada Ltd., P. O. 
Box 93, Ottawa, Canada, offers a fine new 
Catalogue D describing industrial and 
medical products and services available. 
A companion volume which includes a 
variety of general and technical informa- 
tion is entitled, The AECL Radivisotope 
Handbook. Request them on your letter- 
head. 


@ A new 24-page Catalogue J 1060 provides 
data on the complete line of unbreakable, 
corrosion-resistant, plastic laboratory ware 
manufactured by the Nalge Co., Inc., 
Rochester 2, N. Y. 


@ Mann Research Laboratories, Inc., 136 
Liberty St., New York 6, N. Y., offers 
their reference guide and price list No. 
126 of Mann Assayed Biochemicals for 
Research. 


@ Antara Chemicals, 435 Hudson St., 
New York 14, N. Y., has published a 
ready-reference data sheet #AP-60-3 on 
all of the company’s commercially avail- 
able high-pressure acetylene derivatives. 
Each of these products, which include 
PVP-VA Copolymers, PVP-Iodine, Vinyl- 
pyrrolidone, Methylpyrrolidone, 2-Pyr- 
rolidone, Butyrolactone,, 1,4-Butanediol, 
Butenediol, Butynediol, and Propargy] 
Alcohol and Halides, is described in 
considerable detail. 


@A new catalogue of chromatography 
equipment CP-60, has just been released 
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. WATER STILLS 
Capacities from 34 to 500 gal. /hr. 
Steam, Electric or Gas Heat. 


STERILIZERS 
Pressure Steam, Gas-Steam, 

and Gas. Chambers 16” x 16” x 24” 
to 60” x 66”x 120”. 


MICROBIOLOGICAL 
EQUIPMENT 


and you have to talk 
| “BIOGEN * continuous culture apparatus to American S tertlizer! 


For batch or continuous culture of pure @ Here at Amsco, sterilization is still of prime 
microorganisms ia controlled conditions. concern. However, to parallel the great strides of 
‘t modern biological technology, we've developed a 
number of highly specialized microbiological 
devices—all designed to do their job better with 
less personnel time and attention and at a cost 


DRY BOX well within practical limits. 

Flexible film chamber. If you’ve a problem in this area, a letter to our 
Efficient, economical, Scientific and Industrial Department may lead 
easy to work with. to its economical resolution. : 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 


AMERICAN 


7 


FREEZE DRY APPARATUS D 
Laboratory, pilot plant and 
production models. Used for the 
preservation and concentration World's largest designer and manufacturer of Sterilizers, 
of labile substances. \; Operating Tables, Lights and related biological equipment 


if 
GERM FREE LIFE APPARATUS 
Complete service, including 
flexible operating, 

rearing and transfer chamber. 
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Water de-mineral-ized to 
HIGHER lonic Purity with 


lon Exchange 


WATER 
DE-MINERAL-IZERS 


se 
eal for School Laboratory u 
faa Classroom demonstration. 


Portable © Low Cost © A Size For Every Need 


In use throughout the world 
as standard. Capac- 
ity up to gals. per hour. 
Comes complete with direct- 
reading electric quality-check 
meter. Reservoir supplies proc- 
essed water for instant use. 
poser flow insures consistent 

CL-5- 
115v/6 C-$39.50. Carton 6 
DEEMINiTE Resin Filters- 


The world’s lowest cost, high 
capacity de-mineral-izer. Fau- 
cet connected—water pressure 
operated. Multi-jet feed. De- 
ion-izes tap water—fast—up 
to 2 gals. per min.—120 
G.P.H. Use it for immediate 
volume needs—or inter- 
mittently. DEEMAJET®) 
Model 128 complete 

with resins - $39.50. 

Extra DEEMINITE® Res- 

in Refill Units-$21.00. 


Fill quart bottle with tap 
water and invert on holding 
stand as shown. Operates un- 
attended. Gravity flow—2 to 3 
quarts per hour—insures con- 
sistent quality. DEEMINAC® 
Model SD-326 complete with 
metal stand, graduate and 
cover— $6.95. Extra Filters 
(A-6) $4.00. Demineralizer 
etc. 

AC 1 32-6- 
$5. Othes DEEMINAC mod- 
els from $1.75. 


AVAILABLE THROUGH LABORATORY SUPPLY DEALERS 
THROUGHOUT THE WORLD, OR WRITE DIRECT. 


- Detailed bulletins upon request - 


CRYSTAL RESEARCH 
LABORATORIES, INC. 


n St Hartford 3 Conn *< 


jet Pat. app. for 
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by Will Corp., Box 1050, Rochester 3, 
New York. 


@ A new 6-page brochure, available from 
Nuclear-Chicago Corp., 359 E. Howard at 
Nuclear Dr., Des Plaines, Illinois, de- 
scribes how to use nuclear gauges for 
rapid field determination of moisture and 
density in soils, aggregates, concrete, 
asphalt, etc. 


@ A six page folder describing and illustrat- 
ing the complete line of light, medium 
and heavy duty stirrers is available from 
Talboys Instrument Corp., Emerson, 
New Jersey. 


@ The Institute of The Aeronautical 
Sciences, 2 E. 64th St., New York 21, 
N. Y., offers new edition of their publica- 
tion Your Career as an Aero/space Engi- 
neer. 


@A_ recent book by the renowned 
Soviet crystallographer, Prof. A. I. 
Kitaigorodskii, head of the Institute of 
Elemental Organic Compounds of the 
U.S.S.R. Academy of Sciences in Moscow, 
is now available in English translation 
from Consultants Bureau, 227 W. 17th 
St., New York 11, N. Y. It is entitled 
The Theory of Crystal Structure Analysis, 
$12.50. 


New Chemicals and Compounds 


@ Applied Science Laboratories, Inc., 
140 N. Barnard St., State College, 
Pennsylvania, offers Gas-Chrom, the 
new solid support (flux-calcined diato- 
maceous earth) for chromatograph col- 
umns, now available in 25 gram sizes. Kits 
made up of various mesh sizes and of 
regular (S), acid washed (A), and acid 
and alcoholic-base washed (P) grades are 
offered. With these kits the analyst can 
determine the type of Gas-Chrom best 
suited for a particular problem. 


@ Metal Hydrides, Inc., 12-24 Congress 
St., Beveriy, Massachusetts, has available 
lithium aluminum tri-t-butoxyhydride, a 
new complex that will reduce acid chlorides 
to aldehyde. 


@ Eastern Chemical Corp., 34-A Spring 
St., Newark 4, New Jersey, offers experi- 
mentally a series of new hydroquinone 
derivatives such as the nitrodibuty], 
nitrodiethyl and nitrodimethy! ethers, as 
well as the di-n-propyl ether of chloro- 
hydroquinone. 


@ A pre-mixed liquid scintillator concen- 
trate called Liquiflour, which eliminates 
weighing and stirring in the laboratory 
has been introduced by Pilot Chemicals, 
Inc., 36 Pleasant St., Watertown 72, 
Massachusetts. 


Miscellany 


% The advisory committee to the Surgeon 
General of the Public Health Service 


(Continued on page A94) 


Free Chart shows safe methods 
of Handling Compressed Gases 


This new chart, prepared by Mathe- 
son’s Technical Department, shows 
safe methods of handling every gas 
available in cylinders for laboratory 
or plant use. Step by step illustra- 
tions show correct procedures for 
Receiving Cylinders, Moving, Han- 
dling Empty Cylinders, Using Gases. 
The 14” x 21” chart is designed for 
wall mounting wherever gases are 
received, stored or used. Write for 
your copy. 


New Gas Catalog 
Our new catalog gives prices and 
data on 85 compressed gases, gas 
mixtures and gas regulating equip- 
ment. Available on request. 


The Matheson Company, Inc. 


Compressed Gases and Regulators 


East Rutherford, N. J.; Joliet, il!.; Newark, Calif. 
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PIPETTOR 
provides most 

accurate filling 
and discharge! 


Avoid the dangers and possi- 
bilities of contamination that 
are constantly present with 
conventional pipetting meth- 
ods. You operate compact, in- 
genious Accropet simply and 
easily with one hand...enjoy 
accurate controlled discharge 
and filling at high speeds! 


Practical, durable Accropet is 
manufactured by the Manostat 
Corporation of high tempera- 
ture polypropylene...to with- 
stand temperatures up to 
320°F. “O” ring construction 
assures most accurate, positive, 
leak-proof action, Maximum 
flexibility, provided by rubber 
tubing connection, helps elimi- 
nate pipet breakage. 


OPERATING INSTRUCTIONS: Attach outlet to pipet directly, 
a a short length rubber tubing, or a one-hole rubber 
stopper. 

Accropet is then most conveniently operated by the 
thumb and first finger, while resting the body at the 
aye pe a other three fingers, and using these to hold 
it in place. 

Using thumb and first finger, rotate knob up % turn 
from its deepest position. Place tip of pipet in liquid, 
and draw up liquid by rotating knob upward. 

To accurately control discharge of liquid, rotate knob 

into body of Accropet, using thumb and first 


finger. 
T20386 Accropet, ultramicro size. For all pipets up 
to and including 2/10 cc., and especially recommended 
for lambda-pettes. Packaged singly or in cartons of six. 

Each $3.50. Pkg. of 6 $16.80 
T20386D Accropet, micro size. For all pipets up to 
and including 2 cc, and red and white blood pipets. 

Each $4.96. Pkg. of 6 $23.70 


The EMIL GREINER Q. 


20-26 N. MOORE ST., DEPT. 422, NEW YORK 13, N. Y. 
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recommended the following goals for 
the 1960-70 decade: 

Determine the effects of air pollution 
on human health. 

Determine the effects on the Nation’s 
agricultural economy resulting from air 
pollution damage to animals and crops. 

Find better ways of measuring the 
economic loss from air pollution damage 
to materials, and soiling, and reduced 
visibility. 

Find better ways of measuring and 
identifying air pollutants at their source 
and in community air. 

Develop better techniques for assess- 
ing meteorological factors affecting air 
pollution. 


Learn, through research, more about 
the formation of new pollutants from 
reactions in the air. 

Expand our nationwide air pollution 
monitoring efforts. 

Develop new methods and equipment 
for controlling the sources of air pollutants. 

Build and disseminate a comprehensive 
body of knowledge related to the technical, 
legal, economic, and administrative aspects 
of air pollution. 

Evaluate the legal and administrative 
practices related to air pollution con- 
trol. 


% The Department of Physical Chemistry 
of The University of Cambridge is 
offering a summer school on “Fast 
Reactions,’’ August 12-19, 1961. Further 
details may be obtained from The Secre- 
tary of The Summer School, Lensfield 
Road, Cambridge, England. 


Plumbing Contractor: B. & G. Olsen Co., Richmond, Va. 


This modern multi-milliondollar scale-proof, clog-proof to chem- 
research center is equipped with ical sludge. And, Vulcathene is 
the newest in lightweight, non- aneconomical, quality system— 
corrosive drainage systems. assembled in seconds by the 
Vulcathene meets every lab need patented Polyfusion® method, or 
because it’s the most complete with leak-proof, hand-tightened 
line of sinks, traps, pipe and couplings—at half the cost of 
fittings, in sizes from 14” to 6”. other systems. It will pay you to 
Its smooth, non-adhering bore is find out more about Vulcathene. 


NEW CATALOG tells all about this trouble-free, maintenance-free way 
to drain corrosive wastes. Write Dept. 342. 


Why 
Philip Morris 
drains with 


‘Vulcathené 


in new 
McComas 
Research 
Center 


40 LaBSs 
COMPLETELY 
EQUIPPED WITH 
MAINTENANCE-FREE 
ACID-RESISTANT 
DRAINLINES 


American Vulcathene 


P.O. BOX 365 ROCHESTER 2, NEW Y 
DIVISION OF THE NALGE CO. IN 
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% Establishment of the 1961 College 
Chemistry Teacher Awards program, 
honoring six outstanding college chemistry 
teachers throughout the United States, 
has been announced by the Manufactur- 
ing Chemists’ Association. This is the 
fifth consecutive year in which the 
national chemical industry trade as- 
sociation has made these $1000 awards. 
Purpose of the awards is to honor the 
men and women engaged in college 
science teaching, call public attention to 
the importance of good science teaching at 
the undergraduate level, and_ inspire 
qualified students to choose careers in 
science teaching. 


% The National Science Foundation an- 
nounces that March 1, 1961 is the next 
closing date for receipt of proposals in 
the Graduate Laboratory Development 
Program. Proposals received after March 
1 will be reviewed following the next 
closing date, September 1, 1961. This 
program requires at least 50 percent 
participation by the institution with funds 
derived from non-Federal sources. 

Purpose of the grants is to aid 
institutions of higher education in modern- 
izing, renovating, or expanding graduate- 
level basic research laboratories used by 
staff members and graduate students. 
Only those departments having an on- 
going graduate tr .ing program leading 
to the doctoral degree in science at the 
time of proposal submission are eligible. 

Proposals, as well as requests for addi- 
tional information, should be addressed to: 
Office of Institutional Programs, National 
Science Foundation, Washington 25, D. C. 


% A new method for obtaining uniformly 
sized fine particles to be pressed into KBr 
pellets is aiding infrared spectroscopists 
at Shell Oil Co’s Houston Laboratory. 
Infrared spectra of the particles in the 
potassium bromide pellet show little or 
no scattered energy, since the particles 
are fine-ground to smaller dimensions 
than the wavelengths of the incident 
radiation. 

The fluid energy mill (a two inch 
Micronizer built by Sturtevant Mill 
Co. of Dorchester, Massachusetts) works 
on the principle of tangential jets of air 
causing violent interimpaction of intro- 
duced particles. (Depending upon ap- 
plication, steam or inert gas also could be 
used as grinding media.) Twenty-five 
cubic feet per minute of air is forced 
through these tangential jets at pressures 
of 90 to 100 psi, while the substance to be 
ground is entering the grinding chamber 
at a rate of 20 grams a minute through a 
feed venturi which directs it into the line 
of the jets. The particles are thus 
hurled violently one against another, 
centrifugal force keeping the oversize in 
the grinding zone and diverting the 
selected sizes to the center collection area 
where they fall by gravity through the 
tiny conical base of the Micronizer into a 
stainless steel fines collector. The stain- 
less steel construction of Shell’s Micronizer 
protects against contamination. The 
rapidity of the process precludes problems 
of attritional heat, and the final size of 
the self-bombarded particles eliminates 
the problems of coarse, jagged chunks en- 
countered at higher micron sizes. 
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Unretouched photographs taken during the incineration 


7 7 ‘Platinum crucible with 20 gr. 
2 * S&S Ash-Free Analytical Filter Paper. 


of S&S Ash-Free Analytical Filter Paper 
2. Ash at end stage of incineration. 


3. Crucible after completed 


Ask for S&S “Ash-Free” Analytical Filter Papers 


For many years S&S Ash-Free Analytical Filter 
Papers have been known for their extremely low 
ash content. They have been the choice of 
chemists who must have the most precise work- 
ing tools. 


To our knowledge, there is no filter paper with 
lower ash content on the market. In fact, ash con- 
tent of S&S Quantitative Papers is considerably 
lower than all other papers we have tested — less 
than 0.007%. 


MAKE YOUR OWN TESTS 
with a 
FREE S&S SAMPLER 


Mail the coupon for a free S&S Filter 
Paper Sampler made up of many grades. 
There is no obligation. 


And, improved S&S methods of research coupled 
with rigid quality control methods, assure mainte- 
nance of S&S low ash standards lot after lot, for 
unsurpassed precision. 


Ask your laboratory supply house for S&S Analyti- 
cal Filter Papers—the finest, most precise filter 
paper you can specify. Yet S&S quality costs no 
more. If you would like to receive a free S&S 
Filter Paper Sampler, described on this page, just 
mail the coupon below. 


Carl Schleicher & Schuell Co. 


Dept. JC-2, Keene, New Hampshire 


Gentlemen: 

Please send me, free, an S&S Filter Paper Sampler. 
Name. 
Company 
Address. 
City State 
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HIGH QUALITY ANALYTICAL FILTER PAPERS | 


« Lifts up to 100 Ibs. 
¢ Opens from 3 to 12 inches 
« Ideal for complex set-ups 


_e Lifts up to 10 Ibs. 
e Opens from 1% to 5 inches 
Perfect for micro-set-ups 


Two new laboratory jacks 
offering precise and effortless 
vertical height adjustment of 
hotplates, heaters, baths and 
glassware .. . provide a real 
lift for your laboratory. 


write today for Bulletin 611 


New York Laboratory Supp 


K STREET NE 


ly Co., Inc. 


Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCT 


BIO-COLORIMETERS e GLASS ABSORPTION CELLS 
COLORIMETER NEPHELOMETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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e Chemicals 


5 ee There are several fine lines of organic 
— cHietiGate. But there is only one line that 
offers fast MC&B Distributor Service thru a 
nation-wide network of outstanding distributors. The next 
time, Specify MC&B for. dependable purity and dependable 
delivery, Write for the MC&B Catalog—4,400 chemicals, 
always available, always dependably pure. 


Matheson Coleman & Belli 


4 : 
---aS near as your phomes 
~~ * 
~ 
: 
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PYREX BECKMAN AINSWORTH B & L OPTICAL PRECISION SC. CO. 

coors COLEMAN BECKER AMER. OPTICAL LAB. FURN. CO. 

KIMAX INT. EQ. CO, SARTORIUS ZEISS e LEITZ LABLINE 
BARNSTEAD LECO OHAUS BUEHLER GLASS-COL BLUE M 


© 
FREAS BOD CABINET 


f. 4 . The NEW Freas Model 805 low 
temperature incubator and BOD 
cabinet offers a 12% increase in 
j working space and has a new 
é dj table shelf arr g t. Has 
sensitive hydraulic thermostat. 


H-32030 Incubator and BOD 
ee Cabinet, Freas Model 805. This 
e is one of the finest commercial 
refrigerators modified for labora- 
tory needs. Capacity: 11 cu. ft. 
Range: 5 to 50°C. Has fully ad- 
justable shelves—will hold 187 
standard 300 mi BOD bottles, or 
95 of the 500 ml. With external 
controls. For 115 volts A.C. 


Each... . $495.00 


THERM-O-PLATES 


Here is a brand new series of 
hot plates. 4 types: standard hot 
plates as well as shaking, mag- 
netic stirring and explosion proof 
models. 11 sizes: large or small, 
square or rectangular. The small- 
est size only is here pictured and 
briefly described. 


H-28740 Hot Plate, Model TP-1. Top plate: 5” x 5” cast 
aluminum. Stepless heat control: 150 to 7OO°F. Attractive 
enamelled steel case. For 115 volts A.C. 


LECO HYDROGEN ANALYZER 


The Leco Hydrogen Analyzer 
—for metallic samples—em- 
ploys the new “hot extraction” 
method. Analysis time: 3 to 10 
min. Analysis temp.: 1200°C 
(as specified by ASTM Comm. 
E-3. Sensitivity: 0.1 ppm. 


H-15682 Leco Hydrogen An- 
alyzer. Consists of (1) hydrogen 
determinator proper with 
accessories, (2) an induction 
furnace, and (3) variable tem- 
perature control transformer. 
Requires, but does not include, 
standard vacuum pump. For 
115 volts A.C. 


TORSION 2-DIAL 
BALANCES 


You can speed up your 
weighings and eliminate 
using small, loose weights 
with the NEW 2-dial Tor- 
sion balances. These new 
Torsions employ a weight- 
loading dial and a fine- 
weighing dial; both can be 
used without arresting the 
balance. 


H-2680 Model DWL-2. Capacity: 120 grams. Weight loading dial: 9 gm 
x 1 gm. Fine weighing dial: 1 gm x .01 gm. Accuracy: 5 mg. 


(Similar models are also available in 200 and 500 gram capacity.) 


We will gladly furnish detailed To HARSHAW SCIENTIFIC 


information on these items. RARSHAY Division of The Harshaw Chemical Co. * Cleveland 6, Ohio 

SALES BRANCHES AND WAREHOUSES SUPPLYING THE NATION’S LABORATORIES FROM COAST TO COAST 

CLEVELAND 6, OHIO = CINCINNATI 13, OHIO DETROIT 28, MICH. HOUSTON 11, TEXAS LOS ANGELES 22, CAL. OAKLAND 1, CAL. PHILADELPHIA 48, PA. 
1945 East 97th Street 6265 Wiehe Road 9240 Hubbell Ave. 6622 Supply Row 3237 So. Garfield Ave. 5321 East 8th Street Jackson & Swanson Sts. 


SALES OFFICES © Baton Rouge 6, La. ¢ Buffalo 2, N. Y. © Hastings-On-Hudson 6, N. Y. © Pittsburgh 22, Pa. 
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THE EFFECT OF TEMPERATURE ON SOLUBILITY 


Rewritten from: Kenneth A. Kobe, THis JournaL, 16, 183 (1959) by F. B. Dutton 
Checked by: Vance Hamilton, East Lansing High School, Michigan 


PREPARATION 


A saturated solution of manganese (II) sulfate is 
prepared at 27°C by shaking 70 g MnSQ, or 130 g 
MnSO,-7H,0 with 100 g water containing a few drops 
of H,SO,. The clear solution is decanted and stored 
in a stoppered test tube or preferably one which is 
sealed off and is consequently a “‘permanent’’ demon- 
stration. 


DEMONSTRATION 


Pink crystals of MnSO,-7H2O separate out if the 
tube is placed in a mixture of salt and ice. Upon 


SURFACE TENSION 


heating to 27°, complete solution takes place and on 
further heating above 27°, white MnSO,-H:.O separates 
out. 


REMARKS 


This demonstration serves to illustrate both the 
common increase of solubility with an increase in 
temperature afd the less common decrease in solubility 
with increasing temperature (of a different hydrate) 
of the manganese salt. A solubility diagram is given 
in the original Kobe article. See also BareMan, L. A., 
and Ferne ius, W. C., THIs JOURNAL, 14, 315 (1937). 
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Rewritten from: C. R. Caryl, TH1s JourRNAL, 17, 468 (1940) by F. B. Dutton 
Checked by: Vance Hamilton, East Lansing High School, Michigan 


PREPARATION 
Provide two large beakers, one containing water, and 


the other a suitable wetting agent in appropriate 
concentration, such as a 0.1% Aerosol OT solution. 


DEMONSTRATION 


Powdered sulphur is poured from both hands into the 


beakers simultaneously. It is not wet by the pure 
water but pours like sand into the beaker of water 
containing the surface active agent. 


REMARKS 

Many variations will occur to demonstrators, 
including the use of string which may be lowered 
slowly onto the surface of the liquid in each beaker. 
It will accumulate on the top of the pure water but 
settle rapidly in the water containing the surface 
active agent. This is true also for balls of non- 
absorbant cotton and, of course, if one uses larger 
containers, for ducks. 

Another variation is to add a drop of concentrated de- 
tergent solution to the beaker containing the floating 
sulfur. The spread of the detergent can be watched 
by the falling sulfur ‘“‘snowstorm” which occurs. 
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RECORDING pH METER 


A pH meter and strip chart recorder in one. 
Line operated. Simple to operate. Continuously 
indicating. Write fer Bulletin No. 3R. 


POCKET 
pH METER 


Battery operated. Com, 
pletely self contained in 
water-proof everready 
case with shoulder strap. 
Meter scaled 2-12 pH, 
with simple adjustment 
‘or full pH scale. 
Bulle- 
tin 00. 


BIG SCALE pH METER 


RENOX-pH METER Line operated with wane Analytical 
Dual Probe. Line operated. Lerge pe Probe Unit. — ell 0-14 pH scale. 
0-14 pH scale. For simultaneous ne operating contro 
millivolt and pH readings without Write for Bulletin No. 700. 
changing electrodes. emperature 
compensator 0-100°C. 


Write for Bulletin No. 700 MV-pH. 


Prices of Analytical pH Meters star? at $125.00. 


FOR PRECISE DISTILLATIONS 


There is a Wheeler “ALL GLASS” Column for You 


RECISION DISTILLATION 
APPARATUS CO 


Wheeler "ALL GLASS” Concentric Tube Col- 
umn 


Shell designed Oldershaw perforated plate 
Columns 


Spinning Band Columns 

Columns for Random Type Packing 
Vacuum Columns 

Chromatograph Columns 

Stainless Steel Oldershaw Columns 


Electronic Control Instruments 


+ + + + 


Kuderna-Danish Evaporative Concentrators 


For information or quotations 


Wire or write 


PRECISION DISTILLATION APPARATUS Co. 


P. O. BOX 1226 
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CLASSROOM DEMONSTRATIONS 
and 
LABORATORY EXPERIMENTS 


educational kits 
instrumentation 


for teaching 


ATOMIC 


for our informative booklet ‘“The 
Educator and the Atom” plus newest cata- 
log describing the most complete line of 
educational aids, instruments and acces- 
sories available . . . today. 


ATOMIC 
Ml. 


Subsidiary of Baird-Atomic, Inc. 


811 W. Merrick Rd., Valley Stream, N.Y.  CUrtiss 5-9300 


Represented Nationally by Baird-Atomic Sales Offices in: 
Boston ® New York ® Philadelphia ® Cleveland ® Washington, D. C. 
Atlanta ® Chicago ® Detroit © Dallas ® Los Angeles ® San Francisco 

In Canada: Ottawa, Ontario 


New Cenco-Petersen 
MOLECULAR MODELS 


can be quickly hand assembled without special tools 
for three-dimensional study of stereochemical and 
conformational factors and reaction mechanisms. 
Designed to overcome manv shortcomings of earlier 
model systems, they 


@ are made up of accurate bond lengths (1A=5 
cm). 


@ present precise angles of distortion (to 30°). 
e can be locked or left free to rotate under stress. 
e return perfectly to a preset angle. 


The stereochemist can now directly predict inter- 
atomic distances and bond angle distortion using 
these true-to-scale models. 


Polyvalent atoms are colored neoprene balls with 
threaded aluminum inserts placed at the theoretical 
bond angles. Monovalent atoms are polystyrene with 
the appropriate bond permanently attached. The - 
bonds themselves may be disassembled and rebuilt 
with other lengths to provide different scale factors. 


The complete No. 71306 =~ 
Cenco-Petersen Set 
contains 55 monovalent 
atoms, 59 polyvalent 
atoms, 70 bonds and 
fittings plus extra parts, 
allin a partitioned metal 
case. Send for Booklet 
315 for detailed informa- 
tion. $295.00 


’ ’ CENTRAL SCIENTIFIC CO. 
[ () A Subsidiary of Cenco Instruments Corporation 
pu 1718-E Irving Park Roade Chicago 13, Illinois 
ee ee Mountainside, N. J. Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 
Birmingham, Ala. Ottawa Vancouver Houston 
Cenco S.A., Breda, The Netherlands Tulsa 
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THESE SCALE MODELS PROVIDE 
A VIVID, THREE-DIMENSIONAL LOOK 
AT MOLECULAR STRUCTURES! 


to 
ar 
LaPine-Leybold atom models according to Stuart ™ 
and Briegleb give you many outstanding advantages. 
They are large models and make measurement, a 
assembly and visualization of molecules easier and 
quicker. They give an exact picture of the spatial 
oe ee of organic compounds magnified by 
1.5 x 108. 

Models are snap’ 1 together quickly and, in addi- Si 
tion, feature sprin,, .uetal wedges to make rigid con- s 
nections for multiple bonds. The “hydrogen-bridge” " 
uses a hook-and-eye connection that enables larger 
angle shifts and permits the construction of strongly th 
bound, hydrogen-bridged molecules. te! 

Elements are color coded—hydrogen, carbon, oxy- qu 
gen, nitrogen, metals, sulfur, phosphorus, silicon, un 
fluorine, chlorine, bromine and iodine. The first six cu 
of these are supplied in different types of structural tec 
units for various bonds, groups and rings. pu 

LaPine-Leybold models are invaluable aids in mi 
studying three dimensional arrangements of macro- of 
molecules, various types of steric effects, biochemical th 
specificity, geometrical and optical isomerism, tauto- hy 
merism, resonance and other chemical phenomena. cal 

Glycerine-c No. CE302-80 Initial Set of 84 pieces of 11 types of = 
Phosphoric Acid Atom Models, each $105.00 

No. CE302-81 Supplementary set of 40 pieces of po 
13 Different Types, each ................ $ 58.30 ber 
No. CE302-88 School Set of 44 pieces of 9 types of “fs 
Models, Gach ..... $ 58.30 the 

THREE NEW MODELS JUST ADDED TO LINE 
No. CE302-03 Boron, Trivalent, each ......... $2.45 Qu 
No. CE302-21 C-O-C-Epoxy Group, each....... 5.60 
No. CE302-76 Aluminum, Trivalent, each........ 275 ion 


BOOKLETS AVAILABLE -- 


1. Booklet 10a58, Atom Models according to Stuart and Briegleb, with complete 
detaiis of 30 models, 8 pages, 4 colors. 


2. Booklet 1a58, Atom Models for Constructing Organic Metal Chelate Com- U 
pounds, with details of 10 models, 6 pages, 5 colors. : 


~ 3. Booklet CE-1, Atom Models for Schools, with details of 9 models and informa- See 

Write for your is tion on constructing many compounds, 16 pages, 3 colors. ] 
copies today. 4. Price List on 44 models available as individual pieces. ie 

for 

LaPINE SCIENTIFIC COMPANY 

L PINE 6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A, als 
A ‘he 
LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS met 

§N THE EAST LAPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK PHONE LYric 1-8900 inv 
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CHEMICAL PROJECTS 


Research Ideas for Young Chemists 


Compiled by 


JAY A. YOUNG, Kings College, Wilkes-Barre, Penna. 


JOHN K. TAYLOR, National Bureau of Standards, Washington, D. C. 


Principles of the Systematic Separation of Cations 


See Wetsz, H., J. Chem. Educ., 33, 334-5 (1956). 


The chemical principles that determine the choice of procedure 
to be used in qualitative analytical separation and identification 
are discussed without reference to mathematics. Students who 
wish to undertake a project in qualitative analysis will find this 


article helpful as part of their preliminary study in preparation for 
the laboratory work to be performed. Many helpful hints to 
the answers to the questions cited in connection with other arti- 
cles on this subject will be found in this paper. 


Studies of Egyptian Bronzes 
See Weisz, H., J. Chem. Educ., 32, 70-2 (1955). 


Ancient and valuable artifacts made of bronze are of interest to 
the chemist as well as to the antiquarian. The chemist is in- 
terested in the composition of these ancient alloys. The anti- 
quarian is just as interested, though for different reasons, and is 
unwilling to allow destruction of the article to satisfy the chemist’s 
curiosity. This impasse can be avoided by the Weisz ring-oven 
technique since it-requires only a very small sample for analytical 
purposes, which can be obtained by rubbing a roughened glass 
microscope slide across the specimen several times. The streak 
of metal is dissolved in a drop of acid and the solution placed in 
the center of a filter paper disc. This drop is then exposed to 
hydrogen sulfide (two filtering flasks, one inverted over the other, 
can be used in place of the apparatus illustrated). Following this 
treatment, the paper is placed over the central hole of a metal ring. 
The ring is heated electrically while suitable reagents are added to 
the center of the filter paper. Dissolved ions are thereby trans- 
ported across the paper and deposited on a circle immediately 
beyond the outer periphery of the heated ring. Successive 
“fractionations” readily yield identification of the constituents of 
the alloy. 


Questions: 


In terms of their composition, which trophies in your school 
trophy case were probably made by the same manufacturer? 


Or, in terms of composition and total weight, which trophies are 
the most valuable? 


Is the composition of foreign silver (or copper) coins the same as 
that of domestic coins? 


If available, determine the composition of similar coins of 
differing ages and identify any regularly varying trends in their 
composition. 

Metal fixtures (plates covering electrical switches and outlets, 
faucets, etc.) installed in remodeled portions of older buildings are 
often different in style and in composition from the original fix- 
tures. In the remodeling, defective fixtures in the older portions 
of the building are often replaced with new fixtures of the same 
type as those installed in the new, remodeled, portion. Older 
fixtures in good condition are not replaced. Can you determine 
that in a remodeled building available to you (permisgion should 
first be obtained) some metal fixtures in the unremodeled portions 
were defective at the time the remodeling was performed? Note: 
Many questions of historical interest can be answered by using 
the Weisz ring-oven technique. The two preceding questions 
are listed here, not so much to indicate a specific proposal for 
investigation, but to indicate the type of information that can 
be obtained. Local conditions will determine the nature of 
similar questions which will be more interesting to the chemist- 
detective (forensic chemist) who undertakes this kind of project. 


Using Fluorescence in Qualitative Analysis. 
See Wuite, C. E., J. Chem. Educ., 28, 369-72 (1951). 


Fluorimetric identifications are easily made and the apparatus 
required is inexpensively constructed from available components. 
Directions for the construction of the “visual comparator” and 
for fluorimetric identification of aluminum, zinc, boron, sodium, 
beryllium, thallium, and thorium are given. Other metals can 
also be identified; details can be found in the references cited by 
the author. Separative procedures are given for some of the 
metals listed; for others, separations must be devised by the 
investigator or found in other references. 


Questions: 


Determine the sensitivity of a fluorimetric identification pro- 
cedure for one or more elements. 

Some of the procedural steps immediately prior to the fluori- 
metric identification of an element are critical; slight deviations 
will have an adverse effect upon the identification of the element 
sought. From your laboratory investigation on any selected 
element, determine the reasons for the specific, detailed nature of 
these steps. 
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By the separate introduction of benzene, ethyl ether, and a 
mixture of these, into the air space in a partially filled graduate 
inverted in a beaker containing brine, data are obtained which 
permit a student to determine the validity of Raoult’s Law. 
Other accessory data, such as the temperature of the gaseous 
mixture, the barometric pressure, etc., are also needed. The 
procedure is not complicated (though there are moderate fire and 
health hazards arising from the choice of liquids) and can be 
performed in a few hours. However, as indicated by Harris and 
Nash, there are several errors inherent in the method suggested. 
Students interested in Raoult’s Law and its applications might 
wish to perform this experiment first, and then study the matter 
in a more precise way. The questions below probably cannot be 
answered by following the explicit procedure outlined by Harris 
and Nash. 


New Vapor-Pressure Apparatus 


Raoult’s Law Experiment for the General Chemistry Course 
See Harris, F. E. anp Nasu, L. K., J. Chem. Educ., 32, 575-7 (1955). 


Questions: 


Using Raoult’s Law as your basic principle, determine the 
molecular weight of a non-volatile solute dissolved in a volatile 
solvent by measuring the change in vapor pressure of the solvent 
when the solute is added at a convenient, fixed temperature. 


Many pairs of liquids follow Raoult’s Law rather closely, while 
other pairs show either a positive or a negative deviation from this 
principle. Select three pairs of liquid substances: one which you 
expect will follow Raoult’s Law, one which will show a positive 
deviation, and one which will show a negative deviation. De- 
termine whether your prediction is correct or incorrect in all 
three cases. Suggest reasons why your prediction was correct 
or incorrect and determine the validity of your reasons by further 
laboratory work. 


See Cotaate, S. O. AnD WHEALY, R. D., J. Chem. Educ., 32, 484-5 (1955). 


Many devices have been designed to measure the vapor pres- 
sure of various substances (see annual and cumulative indexes 
of THIs JouRNAL). The apparatus described in the reference 
measures vapor pressure directly and is one of the simplest re- 
ported in the literature, requiring a minimum of glass blowing 
in its construction; it uses a vacuum pump and aspirator in its 
operation. The vapor pressure of a solid or a liquid can be meas- 
ured with equal ease. 


Questions: 


Select any solid or liquid and measure its vapor pressure as a 
function of temperature. From the data obtained, calculate 
the heat of sublimation or vaporization of the substance selected. 

Show that the vapor pressure of any pure substance is not 
proportional to its temperature. Suggest reasons why this might 
be true and test your reasons by further experimental work. 

Is the vapor pressure of a super-cooled liquid greater than, 
equal to, or less than the vapor pressure of the solid form of the 
same substance at the same temperature? Explain, and confirm 
your exp'anation by further tests. 

Measure the vapor pressure of a solution of salt dissolved in 
water, and of pure water, in the temperature range —10° to 
+10°C. Explain why salt will cause ice to melt when salt is 
sprinkled on ice in the winter. 


Show that for any pure substance, the vapor pressure of the 
liquid form and of the solid form are the same at the melting 
point of the substance. 

Is it true or false that the logarithm of the vapor pressure of a 
pure substance is a linear function of the reciprocal of the absolute 
temperature of that substance? 

Select a solid, measure its vapor pressure as a function of 
temperature and, by any suitable means, measure its heat of 
fusion. Calculate the heat of vaporization of the substance 
selected, and compare this value with the value obtained by 
experimental means. 

Is there a relation between the nature of the interatomic bonds 
or the intermolecular bonds in a compound and the vapor pressure 
of that compound? 

Is the vapor pressure of a mixture of two liquids equal to, 
greater than, or less than tne sum of the vapor pressures of the 
two pure liquids at the same temperature? Does the answer to 
this question depend upon the nature of the two liquids? If so, 
can you suggest an explanation? 

From data which you obtain by vapor pressure measurements, 
calculate the composition of “constant boiling’? hydrochloric 
acid. Confirm your calculation by preparing some constant 
boiling hydrochloric acid and measuring its concentration. 

Show that, at ordinary pressures, it is impossible to obtain 
pure ethyl alcohol by fractional distillation of a mixture of water 
and alcohol. 


Phase-Study Apparatus for Semi-Micro Use Above Atmospheric Pressure 
See MarsHa., W. L., Wricut, H. W., anp Secoy, C. H., J. Chem. Educ., 31, 34-6 (1954). 


Small quantities of pure substances or mixtures are heated to 
temperatures of 300°C, or higher, in a sealed ampoule. Increase 
of pressure, though not measurable in the apparatus described, 
is usually insufficient to rupture the ampoule; with the precau- 
tions described, this is no more hazardous than any typical ex- 
perimental investigation. The ampoule is placed in a cylin- 
drical hole in the center of a cylinder of aluminum or graphite and 
the contents observed as the temperature is raised. Marshall 
et al. recommend that a continuous recorder be used to indicate 
the temperature; this is not necessary, though it would be a 
convenience. 


Questions: 


In what way does the behavior of a liquid-vapor meniscus 
depend, at the critical temperature, upon the degree of fractional 
filling of an ampoule with liquid, before the temperature is in- 
creased? 
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Determine the solubility of a series of related salts (such as 
lithium, sodium, potassium, and rubidium sulfates) as a function 
of (high) temperature. 

Select any two substances which form immiscible liquids when 
melted, and draw a phase diagram for this system from the data 
you obtain. 

What reagents can you find which will not react when heated 
in a test tube but will react when heated in an ampoule in the 
apparatus described? Identify the products of such a reaction, 
and suggest reasons why the reaction did not occur at ordinary 
pressures and slightly elevated temperatures. Test your reasons 
by further experimental work. 

Is there any relationship between the critical temperature of 
a liquid and its normal boiling point? 

From your analysis of the composition of a mineral or rock avail- 
able in your vicinity, and from other observations, can you use 
the apparatus described by Marshall et al. to suggest a plausible 
description of the geologic history of the mineral or rock? 
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There are many likely reasons. 
Here, perhaps, is one of the most 
important: 


At DuPont, there are no dead- 
end streets for able, ambitious 
people. 


For example, DuPont is grow- 
ing constantly, and growth means 
more jobs. Every year we spend 
$90 million in research alone, to 
develop new products that create 
challenging new opportunities. 


In addition, Du Pont invests an 
average of $33,000 in each em- 
ployee to provide the most modern 
equipment, the finest facilities, the 
best supporting services—factors 
of special significance to the tech- 
nical man. 


WHY 
DO 
DU PONT 
MEN 
STAY 
DU PONT 
MEN 


Whatever the reasons, a recent 
survey of ten large companies 
showed that DuPont’s turnover 
rate among technical personnel is 
within a fraction of one per cent 
of being the absolute lowest! More- 
over, after five years of service, the 
majority of Du Pont engineers and 
scientists remain for the rest of 
their careers. 


We think there’s food for serious 
thought in these facts for new 
metallurgists, engineers, chemists, 
mathematicians and physicists who 
are determined to succeed. For 
more information about opportuni- 
ties here, for use in counseling, 
write to DuPont, Room 2419 
Nemours Building, Wilmington 
98, Delaware. 


REG 5. pat OFF. 


Better Things for Better Living 


... through Chemistry 
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Welch NON-SPARKING 


ELECTRIC STIRRER 


No. 5230 


The Welch Electric Stirrer utilizes an induction-type motor 
which is free from sparking as it has no brushes or com- 
mutator. A knurled knob with lock nut at the top of the 
shaft is used to adjust the speed. It has ample torque for 
most stirring operations and will not burn out if stalled by 
highly viscous materials. A built-in watt-type governor 
stabilizes the speed by automatically increasing the torque 
when the viscous drag increases. The speed remains rela- 
tively constant. 


The stirrer is supported by a 13-mm rod with a binding 
post on the end so that the stirrer may be grounded or a 
stirring rod may serve as a rotating electrode. A 6-foot 
connecting cord with plug and line switch is included. 


No. 5230. ELECTRIC STIRRER. For 115 volts 50/60 cycles A.C. 


Each, $54.75 


No. 5320A. ELECTRIC STIRRER. With stepdown transformer, for 
930 volts 50/60 cycles A.C. Each, $64.50 


Adjustable Chuck 
for stirring rods 
up to '/4-inch diameter 


with INDUCTION TYPE MOTOR 


Speed Adjustable from 200 to 
1400 Revolutions Per Minute-- 


stabilized by Watt-type Governor 


STIRRING RODS 


No. 5230G. GLASS STIRRING ROD. Double 
V form, for No. 5230 or No. 5230A Stirrer 
Each, $0.90 


No. 5230M. MONEL STIRRING ROD. Double 
V form, for No. 5230 or No. 5230A Stirrer 
Each, $1.65 


No. 5230R. POLYETHYLENE STIRRING ROD. 
Propeller-blade form, for No. 5230 or No. 5230A 
Stirrer Each, $1.80 


THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 
1515 SEDGWICK STREET; DEPT: D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Chem 


EDITORIALLY SPEAKING 


A. article in this issue which should 


receive careful and thoughtful reading by all chemists is 
Professor Guggenheim’s ‘“‘The Mole and Related 
Quantities.” In simple unambiguous language it 
sets forth what is probably the primary unifying 
concept in the modern chemist’s view of the materials 
with which he deals. Only the flimsiest semantic 
arguments can be found with the statement: ‘The 
mole is the amount of substance containing the same 
number of molecules (or atoms or radicals or ions or 
electrons as the case may be) as there are atoms in twelve 
grams of carbon-12.”’ 

Teachers of chemistry get their firmest feeling 
of success when students demonstrate that they know 
what “mole”? means. When the student can do this 
not by writing a definition in so many words but by 
using the concept, he begins to think as a chemist 
does. The important recognition comes when the 
term ‘“‘mole’’ stands for a definite number of any par- 
ticular species. Textbooks have long lagged behind 
the prevailing pattern of thinking by the best teachers 
of chemistry on this point. One looks in vain for even 
the use of the word in all but the newest high school 
texts. The term is used in most texts for the in- 
troductory college course, but usually the student is 
left only with the idea that a “mole” is a “number of 
grams...” 

Professor Guggenheim, later in his discussion, gives 
emphatic interpretation to his use of the word “a- 
mount.’”’ This is the implication which needs to be 
underscored for the neophyte chemist. Although 
perhaps unconsciously (as with some teachers, alas!), 
the working chemist now thinks in numbers of reacting 
species rather than in weights or even relative weights 
of materials involved. Certainly as soon as he an- 
ticipates the measurement of energy associated with 
a given reaction he: must consider Avogadro’s number 
of events at the atomic level as a standard for ref- 
erence. 

A second implication grows out of this number 


definition. This is the inclusion of the parenthesis 


in Professor Guggenheim’s statement. Here again, 
common usage by working chemists transcends the 
textbook definition by not limiting the mole concept 
to gram-molecular weight. A student who realizes 
that the Faraday represents the charge of a mole of 
electrons will have at his disposal the key concept to 
applications ranging from electrolysis to redox ti- 
trations. 

Another big advantage is built into this definition 


which emphasizes number of species: it is a concept 
which can grow in significance as a student’s chemical 
knowledge accumulates. It may be expedient to 
base the first use on the weight idea, for example, in 
the stoichiometry which may appear very early in an 
elementary course. Later it will not be tossed aside 
nor even strained to encompass more sophisticated 
theory. We recall once receiving some letters (we 
keep them in an asbestos file) castigating us for pub- 
lishing an article which defined a mole as a weight 
containing 6.023 X 107% molecules and then applied 
that definition to an amount of HNO,, §, or Bi(NOs)3. 
The point of the article was to emphasize the advantage 
of the mole concept in the first introduction of a high 
school student to stoichiometry. We admit to the 
editorial sin of laxity in not using the blue pencil to 
introduce the term “formula weight.’”’ However, we 
doubt that there would be any ambiguity in the mind 
of a student at that early stage of his first course. 
He was being taught to make proper use of the concept 
to solve stoichiometric problems based on a com- 
plicated but balanced equation describing unfamiliar 
chemistry. We doubt, too, that this initial working 
concept of mole could block the student’s later ap- 
preciation of what modern theories of electrolytes or 
bonding in solid substances could add to his earliest 
recollection (that coefficients in a balanced equation 
establish the relative numbers of reacting moles). 
We doubt that a teacher would have trouble later in 
convincing him that a mole of Bi atoms will lose three 
moles of electrons to form a mole of Bit+* ions which 
probably will react in aqueous solution to form a 
variety of other species whose molar concentration may 
be calculated if appropriate equilibrium constants are. 
known, etc. 

There is an interesting contrast between the modern 
problem presented by this article and Dr. Ihde’s 
account of the circumstances under which the Karls- 
ruhe Conference was convened by Kekulé a century 
ago. Chemistry, still a young science, has moved far 
in 100 years. Yet then as now, the magnificent 
strength of a unifying concept was the basis for the 
advance of chemistry. Then it was a gradual resolving 
of chaos; now it is the correlating and consequent 
simplifying of diverse, phenomena. Cannizzaro’s ad- 
vocacy of Avogadro’s hypothesis was based on his use 
of it “‘. . . to lead my students to the conviction which I 
have reached myself.” We doubt if anything more 
important than a unifying concept has been invented in 
100 years of successful chemistry teaching. 


Volume 38, Number 2, February 1961 / 51 


! 
i 
| 


SYMPOSIUM 


Cosmochemistry 


Introduction 


iis and geology have had close 
connections since the beginning of each science, yet 
their daughter geochemistry has been recognized as a 
separate science only since the turn of the present 
century. In the same way, the chemical aspects of the 
extraterrestrial universe were being investigated by 
chemists, astronomers, and physicists for a long time 
before recognition of the distinct discipline of cosmo- 
chemistry. This recognition followed the intense re- 
vival of academic research after World War II, and 
was crystallized by the appearance of the journal 
Geochimica et Cosmochimica Acta in 1950. 

It was appropriate, therefore, that at a meeting of the 
grandmother society there should be a symposium on 
the daughter science, and that the symposium should 
include a session on the granddaughter field. At the 
1960 Spring Meeting of the ACS at Cleveland, a 
‘Symposium on Geochemistry: Analysis and Synthe- 
sis’ was sponsored jointly by the Divisions of Inor- 
ganic Chemistry, Physical Chemistry, and Chemical 
Education. The Symposium was organized by Profes- 
sor Rustum Roy of Pennsylvania State University, and 
the session on Cosmochemistry was arranged with the 
assistance of the present writer. 

This session featured the Acceptance Address of the 
recipient of the Nuclear Applications in Chemistry 
Award, Professor Charles D. Coryell of MIT. This 


—The cover 


The chief process by 
which heavy nuclei 
synthesized in stellar 
interiors are distrib- 
uted throughout ga- 
lactic space is dra- 
matically evident in 
this photograph of the 
Crab Nebula. Tech- 
nically known as Mes- 
sier 1—the first object 
listed in the French comet-hunter’s catalog of 103 nebulae and 
star clusters published in 1784—it has been identified with a “new 
star” recorded by Chinese and Japanese astronomers in 1054 AD 
and with the third brightest discreet radio source in the sky, 
Taurus A. It is presumably emitting cosmic radiation, which has 
not yet reached us because of galactic magnetic fields. Its mass is 
estimated as about 15 times that of the sun, and at the center is a 
faint super-hot super-dense ‘‘white dwarf’’ star, the slowly dying 
remnant of a once-violent supernova. The turbulent gases it 
ejected are now expanding at a rate of about 1400 km see and 
have already attained a radius of about 4 light-years, about the 
distance from the sun to its nearest stellar neighbor. It is 
about 5000 light-years distant, and visible as a faint “planetary 
nebula” in a small telescope. This photograph in the red light of 
the hydrogen Ha line was made with 100-in. Hooker telescope, 
Mt. Wilson observatory. Photograph: courtesy of California 
Institute of Technology. 
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prize, sponsored for the sixth consecutive year by the 
Nuclear-Chicago Corporation, carried the citation: 
....for researches on the characterization of the products of 
nuclear fission including the new element promethium; for 
development of methods for making the byproducts of atomic 
energy into useful tools of science; for applications of radioiso- 
topes in chemistry; for inspiration of countless students of 
nuclear chemistry; for scientific service to k.s country and devo- 
tion to the orientation of nuclear science toward peace. 


Professor Coryell’s paper described the latest ideas 
concerning one of the oldest scientific questions posed by 
man. The importance of nuclear chemistry, and 
particularly of an understanding of the fission process 
and products, in unravelling the more complicated 
processes and products of nucleosynthesis was clearly 
evident. 

One of the critical sets of empirical data on which 
theories of element formation are based was discussed 
by Professor William D. Ehmann of the University 
of Kentucky. He mentioned his own and others’ 
application of nuclear techniques to meteorite analysis. 

Professor Edward Anders of the University of Chi- 
cago presented a paper prepared jointly with 
Mr. Gordon G. Goles. He showed how applications of 
physical, inorganic, and nuclear chemistry to the study 
of meteorites has shed much new light on the history of 
these bodies and indeed on the early history of the solar 
system as a whole. 

The final paper in the session discussed how the recent 
first observation of an extinct natural radionuclide 
and theoretical developments in astrophysics have 
made possible calculations of the time interval in 
which our elements were formed and of the subsequent 
generation of radioactive heat, and have presaged 
further observations of manifestations of extinct natural 
radioactivity. 

The large audience and lively discussions at the Cos- 
mochemistry session attested to the rapid growth of 
interest in this field. Whether it will assume the 
status of a full-fledged scientific discipline—with a 
substantial body of screntists referring to themselves 
primarily as cosmochemists—remains to be seen. 


Truman P. Kohman, Chairman of Symposium 
Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


Epitor’s Note: The award of the Newcomb Cleveland Prize 
by the American Association for the Advancement of Science to 
Professor Edward Anders lends further distinction to the publica- 
tion of this symposium. At the 127th meeting in New York, 
December 1960, the AAAS presented this one of its four major 
awards for “a noteworthy paper, representing an outstanding 
contribution to science,’”’ selected from those read at last year’s 
AAAS meeting. The paper included here is not the award 
address, but discusses the same general theme of the author’s 
investigations. 
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William D. Ehmann 


University of Kentucky 


Recent Improvement in Our 


lexington Knowledge of Cosmic Abundances 


A knowledge of the relative abundances 
of the chemical elements on a cosmic scale is prerequisite 
to the development of a theory for the synthesis of the 
elements in the stars. Since our sun is considered to be 
a relatively “average” star, we can as a first approxima- 
tion equate the terms ‘cosmic abundances” and “solar 
system abundances.”” However, determination of these 
solar system abundances has still been a formidable 
problem. 

Much of the early abundance data was derived from 
geochemical investigations of the crust, oceans, and 
atmosphere of the earth. More recently, significant 
contributions to this field have been made by spectro- 
graphic investigations of the light emitted by the sun 
and the stars (J) and by chemical analyses of the 
meteorites. Some information on the distribution of 
hydrogen in the universe has been obtained recently 
through the use of radiotelescopes. 

It was only natural to look to the meteorites for 
cosmic abundance data, since they represent the only 
extra-terrestrial specimens available for laboratory 
analysis. It has been suggested by Urey and Craig 
(2) that a certain class of stony meteorites (aerolites) 
called chondrites might represent the best average 
sample obtainable for the determination of the relative 
abundances of the non-volatile elements in our solar 
system (Fig. 1). In general, meteoritic matter appears 
to be fractionated into three major phases: the metal 
phase, the sulfide phase, and the silicate phase. The 
per cent by weight of each of these phases in meteoritic 


Presented as part of the Symposium, “Geochemistry: Analysis 
and Synthesis,’’ before the Divisions of Inorganic Chemistry, 
Physical Chemistry, and Chemical Education at the 137th 
Meeting of the ACS, Cleveland, Ohio, April 1960. 


This work was supported in part by the U. S. Atomic Energy 
Commission. 


Figure 1. Cross-sections of four chondritic meteorites illustrating their 
unique structure; from Nininger (44). 


matter is estimated to be approximately 10%, 5%, and 
85%, respectively. Certain of the elements are known 
to concentrate predominantly in one or the other of 
these phases. Therefore, it is possible to analyze a 
single meteorite phase in which we are quite certain the 
element in question is concentrated, and using the rela- 
tive ratios of the various phases as stated above, com- 
pute an elemental abundance for all meteoritic matter. 
This has been done particularly for the determination 
of the abundances of some of the more noble metals 
that are presumed to be concentrated in the metallic 
phase. Analyses of the iron meteorites (siderites) for 
these elements have been used in some cases to compute 
cosmic abundance data. 

The difficulty with this procedure is that there is still 
a measure of uncertainty as to the true values of these 
phase ratios and the true distribution of the elements 
between them. Analysis of the chondrites which 
contain all three meteoritic phases appears to be the 
most reliable approach to the determination of ele- 
mental abundance data at present, and will be stressed 
in this paper. Largely on the basis of their structure, 
Urey postulated that the chondrites are made up of 
rubble-like material, both metallic and non-metallic, 
which resulted from collisions between asteroid-sized 
bodies early in the history of the solar system. This 
rubble aggregated into layers on the larger asteroidal 
bodies of approximately lunar size. Finally, at some 
later time, a collision between two of the larger bodies 
occurred, resulting in the compression of the layers of 
rubble into the objects known as chondrites. More 
recently, Urey (3) has suggested a slightly modified 
collision theory in which the moon may have had a role 
in chondrite formation. 

Anders and co-workers in this symposium (4, 5) de- 
part sharply from the suggestion that a collision mech- 
anism is necessary to explain chondrite structure. They 
have proposed that a unique type of volcanic action on 
asteroid-sized bodies may explain many aspects of 
chondritic structure. 

Regardless of which of these theories proves to be 
correct, Urey’s original suggestion that the chondrites 
are representative of the non-volatile elemental abun- 
dances in the solar system is a useful starting point for 
the determination of cosmic abundances until that time 
when better samples become available through extra- 
terrestrial exploration. 

Suess and Urey (6) in 1956 compiled a table of cosmic 
abundances based on various types of meteoritic, solar, 
and terrestrial elemental abundance data. In addi- 
tion, the accurate relative isotopic abundances avail- 
able from mass spectrographic analyses were used to 
derive isotopic abundances in the Suess and Urey table. 
A plot of the data from these tables shows a significant 
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ar.ount of “fine structure” (Fig. 2). The current 
theories that describe the synthesis of the elements in 
stars have drawn heavily from this extensive compila- 
tion of abundance data. Detailed mechanisms for 
element synthesis have been given most recently by 
Burbidge, et al. (7) and Cameron (8, 9). Coryell (10) 
in this symposium has presented some recent informa- 
tion relating to these theories. 

In this paper only the experimental abundance data 
that have appeared since the original Suess and Urey 
paper will be discussed. For the most part, this paper 
will deal with new data resulting from refined tech- 
niques of analysis, as applied to the chondritic meteor- 
ites. Some implications of this new data with regard 
to the present theories of nucleosynthesis and areas for 
future research will be mentioned. 


Recent Abundance Data 


In their 1956 paper Suess and Urey (6) pointed out 
the need for better analytical data for many elements. 
Indeed, in some cases no analytical data at all existed 
for certain of the elements in chondrites, and cosmic 
abundance values were assigned by interpolation. 

During the past several years, widespread use has 
been made of a number of new analytical techniques, 
such as isotope dilution analysis and neutron activation 
analysis. These techniques have been applied with 
considerable success to the determination of elemental 
and isotopic abundances in meteorites. The data for 
chondrites in Table 1 express the non-volatile elemental 
abundances as atomic abundances relative to silicon 
equal to 10°. The silicon is taken to represent 18.5% 
by weight of primitive solar non-volatile material. 
These new data are compared to the corresponding data 
from the compilation of Suess and Urey (6). 


LOGARITHM OF RELATIVE ABUNDANCE (Si=!0°) 


ATOMIC WEIGHT 


Figure 2. Schematic curve of atomic abundances as a function of atomic 
weight based on the data of Suess and Urey (6). Small letters refer to the 
types of nuclear processes resulting in element formation in a given region; 
from Burbidge, Burbidge, Fowler and Hoyle (7). 
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The number of specimens refers to the number of 
different meteorites used in obtaining the average 
abundance value listed. The simple average of the 
average abundance in each of the meteorites analyzed 
is used for the most part in this table. With small 
numbers of samples, different methods of averaging 
data may lead to small variations in the numerical 
average. Data for a few achondrites are included in 
the averages, where their abundances were found to be 
virtually the same as for the chondrites. In cases 
where significant differences in the abundance data for 
chondrites and achondrites were observed, Table 1 


Table 1. Atomic Abundances from Recent Chondrite 


Analyses 
Number 
of Atomic Suess- 
Ele- speci- abundance Urey 
Z ment Ref. mens (Si = 108) (Si = 105) 
3 Li (11) 3 38 100 
19 K (12) 3 3,290 3,160 
20 Ca (13) 7 45,000 49,000 
21 Se (14) 5 32 28 
22 Ti (15) 43 Falls 2,090 2,440 
(15) 45 Finds 1,900 
6, 400 7,800 
25 Mn (15) 43Falls 7,200 6,850 
(15) 45 Finds 6,400 
27 Co (16) 8 1,190 1,800 
28 Ni (16) 8 24,800 27 , 400 
29 Cu (16) 7 186 212 
32 Ge (17) 8 18.7 50.5 
34 Se (18) + 18.8 67.6 
37 Rb (19) 12 4.6 6.5 
(12) 5 5.8 iat 
44 Ru 20) 4 (1.2)¢ 1.49 
45 Rh (21) 5 0.27 0.214 
47 Ag (21) 5 0.131 0.26 
49 In (21) 5 0.0013 0.11 
52 Te (18) 4 0.73 4.67 
(24) (0.50-4.0)¢ 
53 I (24) 8 (0.044-0 .67)2 0.80 
55 Cs (19) 12 0.10 0.456 
(12) 5 0.14 Bon 
56 Ba (22) 4 3.96 3.66 
(15) 43 Falls 6.44 est 
(15) 45 Finds 76.2 sea 
57 La (23) 2 0.40 2.00 
58 Ce (23) 2 0.62 2.26 
59 Pr (23) 2 0.15 0.40 
60 Nd (23) 2 0.74 1.44 
62 Sm (23) 2 0.25 0.664 
63 Eu (14) 5 0.078 0.187 
(23) 2 0.097 pee 
64 Gd (23) 2 0.36 0.684 
65 Tb (23) 2 0.056 0.0956 
66 Dy (23) 2 0.39 0.556 
67 Ho (23) 2 0.078 0.118 
68 Er (23) 2 0.21 0.316 
69 Tm (23) 2 0.039 0.0318 
70 Yb (23) 2 0.19 0.220 
71 Lu (23) 2 0.036 0.050 
73 Ta (48) 8 0.019 0.065 
(45) 8 (0.10) 0.49 
(48) 5 0.11 
(20) 6 (0.6) 1.00 
77 Ir (46) 6 .38 0.821 
79 Au (25) 4 0.13 0.145 
80 Hg (26) 5 (0.076) 0.284 
81 Ki | (26) 5 0.0010 0.108 
(27) 5 0.00038 : 
82 Pb (27) 4 0.05-0.28 0.47 
(28) 3 0.15 
83 Bi (26) 6 0.0016 0.144 
(27) 5 <0.005 
90 Th (29) 5 0.026 
92 U (22) 4 0.0072 
(30, 31) 6 0.0079 


* Numbers in parentheses are preliminary numbers from work 
still in progress. 
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lists only the chondrite data. The numbers in paren- 
theses are tentative determinations based on work now 
in progress. These numbers may be subject to con- 
siderable revision upon completion of the experimental 
work, but are included for completeness. A small 
number of analyses limited to a single meteorite, or to 
the troilite phase of meteorites, were not included in 
this tabulation. 

Table 2 lists analytical data on iron and stony-iron 
meteorites that have appeared since the Suess and 
Urey paper. Due to the previously discussed diffi- 
culties in the interpretation of data from a single mete- 
oritic phase, these abundances are here listed merely 
in units of ppm by weight for these specific meteorites. 
In analyses for several of the elements listed in Tables 
1 and 2, a wide range of values was obtained for different 
meteorite specimens. In these cases, where also the 
number of specimens analyzed was small, listing an 
average value might be misleading: Therefore, only 
the limits for the range of these experimental values 
are entered. 

It is of interest to note that the majority of the results 
listed in Tables 1 and 2 were obtained by use of neutron 
activation analysis. The great sensitivity of this 
technique coupled with its inherent freedom from 
laboratory contamination makes it highly useful for 
determination of certain trace element abundances. 


Table 2. Recent Analyses of Iron and Stony-lron Meteorites 


Number 
of 
speci- Parts per million 

Z Element Ref. mens by weight 
24 Cr (32) 17 <5-185 

(33) 88 37 
27 Co (33) 88 5,100 
28 Ni (34) 8 74,200 
29 Cu (32) 17 7 .8-434 

(33) 88 152 
31 Ga (33) 88 34 
32 Ge (32) 17 0.2-359 

(33) 88 107 
33 As (32) 17 0.6-33 
57 Sb (32) 17 0.01-0.78 
73 Ta (48) 3 0.0026 
74 W (48) 3 1.67 
75 Re (35) 10 0.224 
76 Os (38) 10 2.03 
90 Th (36) 2 6 X 10-*to2 X 10-5 
92 U (37) 8 10-* to 10-4 

Discussion 


The response to the plea of Suess and Urey (6) for 
more and better analyses of chondrites is quite remark- 
able, as indicated by the length of Table 1. It is nec- 
essary, however, to be quite cautious about substituting 
some of the new data for the Suess and Urey values. 
It is to be noted that most of the results in Table 1 are 
based on the analyses of ten or less meteorite specimens, 
while in some cases the older data resulted from a much 
larger number of analyses. In addition, the recent 
work of Moore and Brown (38) indicates that com- 
positional differences may exist between chondrite 
“falls” and chondrite “finds.” These differences 
for barium are approximately an order of magnitude. 

Therefore, in this paper no attempt will be made to 
reconstruct the Suess and Urey cosmic abundance 
curve, using the new analytical data, although certain 


of the data undoubtedly represent the best available 
for a given element. Until additional analytical data 
are available and the compositional differences between 
“falls” and “finds” further investigated, more definitive 
assignment of cosmic abundances from some of these 
data would be premature. 


Li(Z = 3) to Cu(Z = 29) 


With the exception of the new analysis for lithium 
which is based on only three chondrites, the new de- 
terminations listed in Table 1 are in reasonably good 
agreement with the Suess and Urey values in this region. 

The investigation of the chondritic abundances of 
scandium and chromium was prompted mainly by 
rather large discrepancies between the Suess-Urey 
values based on older chondrite analyses and the solar 
spectra data of Aller (1). The spectral abundances for 
scandium and chromium relative to silicon = 10° are 
40 and 13,000 respectively. It is seen in Table | that 
the new analytical data of Bate, et al. (14) tend to 
confirm the Suess and Urey values. Due to consid- 
erable uncertainties in the determination of the solar 
abundance for scandium, it would appear that its 
cosmic abundance is best approximated by the new 
chondritic data. For chromium the solar value has 
been more precisely determined, and may represent 
a truly high abundance in the sun’s atmosphere. Al- 
terations of relative concentrations of elements in the 
sun’s atmosphere by mixing with the interior are pos- 
sible and lead one again to rely more heavily on the 
chondrite analyses for the chromium cosmic abundance. 
It is to be noted that the newly determined abundances 
of titanium and manganese (15) are much more nearly 
the same for chondrite ‘falls’ and “finds,” than was 
the case for barium. This may mean that compositional 
differences between “falls” and “finds’’ are small 
for certain elements; hence, much existing data are 
adequate for computing cosmic abundances. 


Ge (Z = 32) tolu(Z = 71) 


In this region some serious discrepancies are noted 
between certain of the new data and the Suess and 
Urey values. It has been suggested that neutron 
capture on a fast time scale produces abundance peaks 
at approximately Z = 35 (Br), Z = 54 (Xe), and Z = 
78 (Pt). Since abundance data for bromine and xenon 
in chondrites would be unreliable due to their vola- 
tility, accurate abundance data on neighboring rela- 
tively non-volatile elements, such as Z = 34 (Se) and 
Z = 52 (Te) would be valuable in assessing the magni- 
tude of these abundance peaks in this weight region. 

Little analytical data existed for these elements 
before 1956. The abundance value for tellurium used 
by Suess and Urey was an interpolated value. The 
new analytical data for these elements and other 
neighboring elements, such as iodine, rubidium, and 
cesium, all appear to be lower than the Suess and Urey 
abundances. A wide range of abundances were ob- 
tained for iodine and tellurium, and the simple average 
would perhaps not be representative. Goles (24) 
has noted that the “ordinary” chondrites, such as 
used in most abundance determinations, have iodine 
and tellurium abundances near the low end of the range 
of values listed in Table 1. Higher abundances for 
these elements are found in both carbonaceous chon- 
drites and enstatite chondrites. Therefore, assignment 
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of cosmic abundance values for these elements must 
depend on future research to determine if certain of 
these subtypes of chondrites might be more repre- 
sentative samples for cosmic abundance determinations 
than the “ordinary” chondrites. Due to the large differ- 
ence between the barium abundances in chondrite “falls” 
and “finds” (15, 38), it is difficult to assign a cosmic 
abundance value to barium at present. However, in 
contrast to the other new determinations in the xenon 
peak region, all the new data point to a barium abun- 
dance highe’ than that of Suess and Urey. It appears 
that a final evaluation of the magnitude of these fast 
time scale neutron capture peaks will require new 
determinations of other elements in these regions, such 
as arsenic, strontium, and antimony. 

The abundance of iodine is of interest for an addi- 
tional reason. Reynolds (39) has recently found anom- 
alous amounts of Xe!** in the Richardton chondrite. 
This presumably results from the decay of I'?? (H = 
2.5 X 10’ years) which was trapped in the original 
parent body of the meteorite. These results imply that 
a period of approximately 3.5 & 10° years intervened 
between the end of nucleosynthesis and the condensa- 


tion of the parent meteorite material to a point at which _ 


rare gases were retained. Wasserburg, Fowler, and 
Hoyle (40) interpret this number as a maximum value 
for the time interval. Assuming nucleogenesis occurred 
at a uniform rate over a time large as compared to the 
mean life of I'?°, they calculate an interval of 2 * 10° 
years, using the data of Reynolds. These calculations 
involve the chondritic abundance of I'”’, which Reyn- 
olds estimated to be approximately 1 ppm. Although 
this time interval is not extremely sensitive to the 
I'” abundance, the new iodine data for “ordinary” 
chondrites listed in Table 1 indicate that corrections in 
the calculations will undoubtedly be necessary. 

The new value for the indium abundance (2/) is 
approximately 100 times lower than the Suess and Urey 
selected abundance. It appears impossible to resolve 
this extremely low abundance and the low abundances 
of certain heavy elements such as mercury, thallium, 
lead, and bismuth, with the existing theories of nucleo- 
synthesis. It may be that these extremely low abun- 
dance values in chondrites are due to some as yet not 
understood fractionation process that occurred prior 
to or during the formation of the solar system, including 
the parent meteoritic bodies. Fish, et al. (5) suggest 
that their quasi-voleanic recycle mechanism for the 
formation of chondrites would result in the depletion of 
such chalcophilic elements as indium, mercury, thal- 
lium, lead, and bismuth in the chondrites. Additional 
analytical data on various meteoritic phases are needed 
to explain these discordant abundances. 

The new data on the rare earths, although based on 
only two chondrites, indicate slightly lower values than 
given by Suess and Urey. A detailed discussion of the 
significance of these data will not be attempted here. 
It is of interest to note, however, that the new values for 
the abundance of europium (approximately 0.08, Si = 
10°) are much closer to the Suess and Urey value of 
0.187 than to the solar spectra value of 0.6 (1). As in 
the case of scandium, the solar value is subject to con- 
siderable experimental uncertainties and the best value 
for the cosmic abundance of europium is certainly de- 
rived from the new data of Table 1. 
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As mentioned in the previous section, the elements 
mercury, thallium, lead, and bismuth are all in much 
lower abundances in the chondrites than can be ex- 
plained by the current theories for element synthesis. 
Since these are all chalcophilic elements, the theory of 
Fish, et al., (5) offers the best explanation of these low 
abundances to date. The abundances of lead, thorium, 
and uranium have considerable significance in the field 
of cosmochronology. Details of these applications are 
discussed most recently by Kohman (41), in this sym- 
posium, and by Fowler and Hoyle (42). 

Of great importance to these calculations is the 
present number ratio, Th?*?/U?* in the chondrites. 
Bate, et al., (29) listed a value of 3.6 for this ratio in 
chondrites based on their experimental results for 
thorium in five chondrites and the uranium results of 
Hamaguchi, ef al., (22) in four chondrites. 

Recently some new data for uranium in six chondrites 
has appeared (30, 31). Using these data for uranium 
and the Bate, et al., data for thorium, the ratio 
Th**2/U2% becomes approximately 3.3. It would 
appear that the best approximation of this ratio that 
can be made at present would be close to the average 
of the previously mentioned two values, or 3.45. 
Slightly different values may be obtained, depending 
on how this average is taken. Additional experimental 
determinations of this ratio would be extreme!’ valuable. 

It has been pointed out by Hamaguchi, Reed, and 
Turkevich (22) and Marshall and Hess (28) that the 
amount of uranium and thorium found in chondrites is 
not consistent with the published isotopic composition 
of the lead in chondrites. In fact, the new abundance 
data for uranium and thorium are approximately 1.5 
to 3 times too low. Here again, the explanation could 
well be loss of these elements by chemical fractionation 
processes that are not fully understood at present. 


Summary 


The analysis of meteorites has without question 
provided a great deal of information that is useful in 
the formulation of theories for nucleosynthesis. Al- 
though much important meteoritic abundance data 
have been obtained since the need of such data was 
pointed out by Suess and Urey (6), precise analyses 
for many elements are still lacking. Among the 
most important areas for future work are the following: 

(1) It would be desirable to obtain additional new ex- 
perimental data for the abundances of the elements in 
the region of the abundance peaks for neutron capture on 
a fast time scale. This data would allow determination 
of the magnitude of the contribution of this process in 
the regions of the bromine, xenon, and platinum abun- 
dance peaks. Experimental work is underway at the 
University of Kentucky to determine the abundances of 
tantalum, tungsten, iridium, and mercury in the region 
of the platinum abundance peak by use of neutron acti- 
vation analysis. As noted in Table 1, new experimental 
work on osmium is underway at Argonne National Lab- 
oratory, using this same technique. In all these cases 
previous experimental data are meager or lacking. 

(2) As discussed in this text, the ratio Th®*?/U?* is 
highly important to the calculations involved in the 
field of cosmochronology. Additional abundance data 


| 
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on these two elements would serve to pin down more 
closely the value of this ratio. 

(3) Data on the abundances of the chalcophilic ele- 
ments in each of the three principal meteoritic phases is 
needed in order to evaluate the theory of Fish, et al. (4). 

(4) New data or the abundance of iodine from ex- 
perimental work now underway (24) will enable more 
accurate calculations of the time interval between the 
end of nucleosynthesis and the condensation of the 
parent meteoritic bodies to the point of entrapment of 
the rare gases. 

It is evident that cosmic abundance data obtained 
from the meteorites are based on the thesis that the 
chondrites are representative samples of the non-vola- 
tile matter in the solar system. The large discrepancies 
between some of the new meteoritic data and the abun- 
dances reasonably predicted on the basis of current 
theories of nucleosynthesis suggest that the “ordinary” 
chondrites may not be representative samples for 
determining abundances of certain elements. The 
possibility of chemical fractionation processes operating 
prior to, or during, the condensation of the parent 
meteoritic bodies must be considered as a possibility 
in the explanation of certain of these data. As the 
difficulties in the interpretation of solar and stellar 
spectra are resolved, some of the problems of translating 
chondritic into cosmic abundances may be eliminated. 

A recent paper by Urey (43) discusses again the 
significance of the meteoritic elemental abundances. 
In this paper is included the statement, ‘‘We should not 
take meteoritic abundances as more than an approxima- 
tion to true primitive values.”’ In view of some of the 
new analytical data, this statement is well justified. 
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Note Added in Proof 


New analytical data for selenium and tellurium (47) 
and for barium, mercury, thallium, lead, bismuth, and 
uranium (49) have appeared in print, since the com- 
pilation of Table 1. In general, these data are in 
reasonably good agreement with the values listed in 
this paper. It is noted by Reed, et al. (49) that the 
abundances of the chalcophilic elements are much 
higher in the carbonaceous chondrites and enstatite 
chondrites than in the “ordinary” chondrites, which 
are commonly used for cosmic abundance work. 
Indeed, these higher abundances are in quite good 
agreement with values predicted on the basis of 
theories of nucleosynthesis. It is suggested that the 
carbonaceous chondrites may be more representative 
samples for the determination of cosmic abundances, 
at least for certain of the elements, than the “ordinary” 
chondrites previously used. 
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Lk. is generally agreed that meteorites are 
fragments of larger bodies. There are, however, 
profound differences of opinion on the properties 
and dimensions of these parent bodies. A central 
point in this controversy is the nature of the processes 
that led to the structural and compositional features of 
the meteorites. 

The chemist may have much to say concerning these 
problems. Some of the most crucial points, such as 
the dating of events in meteoritic history by the use of 
radioactive decay (1, 2), and the investigation of ele- 
mental abundances to infer both the primordial com- 
position of the solar system (3, 4) and its chemical 
history (6, 6), are best treated by chemical techniques. 
Chemical insight is also valuable in interpreting many 
of the observations on the detailed structure of mete- 
orites. The laws of physical chemistry, derived from 
observations on the Earth’s surface, may be fruitfully 
applied to treat events occurring in the outer reaches of 
the solar system as long as 4.5 aeons! ago. 

It is important to keep in mind, however, that these 
measurements and observations on the meteorites 
relate to a sample which is only a minute fraction of the 
hypothetical parent body—perhaps 10- to 10-. 
Furthermore, it seems likely that this sample is biased 
in favor of material which would not easily be destroyed 


- during the break-up of the parent body and which 


could survive passage through the atmosphere. Pos- 
sibly the sample also is weighted in favor of material 
which was near the surface of the parent body. Any 
conclusions about the nature of the parent bodies 
drawn from experiments on this sample necessarily 
represent a long extrapolation. 


Theories of the Origin of Meteorites 


In one respect, all the attempts at understanding the 
origin of the meteorites begin on common ground: 
it is now generally believed that the accumulation of the 
parent bodies from the solar nebula occurred at tempera- 
tures below 600°K (8, 9), and the chemical nature of 
this starting material has been investigated in some 
detail (10, 11). The chief differences in the three 
principal theories of meteorite origin lie in the dimen- 
sions proposed for the parent bodies. These are postu- 
lated to have been (1) of planetary size; (2) two 
successive generations, one of lunar size and one of 
asteroidal size; and (3) of asteroidal size only. All 


Presented as part of the Symposium “Geochemistry: Analysis 
and Synthesis’ before the Divisions of Inorganic Chemistry, 
Physical Chemistry, and Chemical Education at the 137th Meet- 
ing of the ACS, Cleveland, Ohio, April 1960. This work was 
supported in part by the U. S. Atomic Energy Commission. 

1 An aeon is defined as 10° years, which is a convenient unit of 
time for discussion of the history of the solar system (7). 
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Theories on the Origin of Meteorites 


of these theories have certain advantages and dis- 
advantages in their application to explaining the ob- 
servations on meteorites. It is probably best to 
regard them all as working hypotheses, subject to fur- 
ther experimental tests. 


Planetary-Sized Parent Body 


A number of investigators, among whom Ringwood 
(12) and Lovering (13, 14) may be cited as recent 
examples, have expressed the view that the meteorites 
evolved in a single body, of a size intermediate between 
that of the moon and that of the earth. The chief 
advantages of this hypothesis are that it is apparently 
simple, with only one or at most two parent bodies 
required; that many analogies with the presumed com- 
position and structure of the earth’s interior can be 
drawn; and that the occurrence of diamonds in mete- 
orites may be attributed to the graphite-to-diamond 
transformation at high gravitational pressures. Also, 
a source of heat for meteorite synthesis is available in 
the long-lived radioactivities which now heat the earth’s 
interior, and would certainly have been more intense 
heat sources some four-and-a-half aeons ago. 

There are, however, very serious disadvariages con- 
nected with these points. Breaking up a body of 
planetary size is extremely difficult and no one has 
proposed a truly satisfactory solution to the problem. 
It is necessary to suggest a plausible way to perform 
this disruption so as to eject materials from as deep as 
the core (which is postulated to be the place of origin of 
the iron meteorites) and at the same time to avoid the 
vaporization or profound metamorphosis of most of the 
ejected materials, both silicates and metal. One 
should note that the energy released in allowing two 
planets to fall together would be enormous, more than 
enough to vaporize them both if efficiently converted 
to heat (15). The mean energy per gram in the collision 
of two objects of equal radius a and equal mean density 
pis on the order of: 


(B) = (1) 


where G is the gravitational constant. If each were the 
size of the moon, with a density of 3.3 g/cm, (EF) 
would be ~640 cal/g, while for objects the size of the 
Earth, having the same density as that quoted, (Z) 
= 8500 cal/g. If all of this energy were converted to 
heat, the increases in the mean temperature for the two 
limiting cases would be ~3200°C and ~42,000°C, 
assuming a mean heat capacity of 0.2 cal/g/deg. 
Clearly, some of this energy must appear as kinetic 
energy of the escaping fragments; also, there is no 
simple way of estimating what the true mean heat 
capacity would be. Nevertheless, heating must have 
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been intense indeed. One would expect the effects of 
this heating, e.g., severe alteration of the texture of 
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Figure 1. Volume-average temperature of meteorite parent bodies as a 
function of radius. The curve was calculated for bodies heated by long- 
lived radioactivities present in appropriate concentrations, with an initial 
central temperature of 1400°K and thermal conductivity of 0.007 cal cm—' 
°K-! sec—!. It refers to a time two aeons after cessation of intense heating 
by other sources. The surface temperature was assumed to be held at 


100°K by solar radiation. The radius of the largest asteroid, Ceres, isin- . 


dicated for comparison. 


the chondrites and of the Widmanstatten pattern of the 
irons (see below), to be obvious in almost all of the 
material which escaped the gravitational field of the 
combined masses. 

It has recently been argued (/6) that the chondrites 
must have come from parent bodies in the asteroidal 
belt. In addition to this theoretical argument, the 
only »ecurate, photographically determined orbit of a 
meteorite (the Ptibram chondrite), with an aphelion of 
4.1 A.U. (17), indicates that at least this meteorite 
originated in the asteroidal belt. However, it seems 
quite unlikely that even a single lunar-sized object 
could have ever existed in this region, from the small 
amount of material present there now [estimated as 
0.03 of a lunar mass (18) | and the low rate at which mass 
can be lost from this region (19). Since the planetary 
hypothesis requires that the irons and stones should 
come from the same or similar parent bodies, one may 
cite the evidence that the iron meteorites were in fact 
derived from at least four distinct bodies? as indicating 
that it would be necessary to account for the loss of 
four lunar masses from the asteroidal belt, rather than 
one. 

Perhaps the most serious difficulty encountered by the 
planetary hypothesis is that of constructing a thermal 
history of the parent body and the meteorites which 
fits all the evidence. The majority of chondrites display 
K*-Ar® ages of 4.0 to 4.4 aeons. It can be shown from 
an extrapolation of high-temperature argon-diffusion 
data (2) that these long ages imply long-term storage 
at mean temperatures not exceeding about 190°K 


2 Lovering, et al. (20) have shown that the gallium and ger- 
Manium contents of iron meteorites do not form a continuous 
set, but may be divided into four well-defined clusters. The 
compactness of each cluster, the sharp discontinuities between 
them, and the decrease in gallium and germanium with increasing 
nickel content, in contrast to the greater solubility of these ele- 
ments in nickel-rich y-phase than in nickel-poor a-phase (2/), all 
suggest that the iron meteorites originated in at least four dif- 
ferent parent bodies. 


(16). For the achondrites, only slightly higher tem- 
peratures are indicated. In a body containing ‘“nor- 
mal’ amounts of uranium, thorium, and potassium, 
the average temperature due to radioactive heating is a 
sensitive function of size (Fig. 1), and in a body of 
lunar or planetary dimensions, only the topmost layers 
would be at the required low temperatures. The 
stones, comprising some 90% of observed meteorite 
falls, thus must be assigned to the surface layers; 
the irons and stony irons, representing about 10% 
of observed falls, are assigned to the core. One is thus 
forced to the paradoxical conclusion that the bulk of the 
parent body (subjected to pressures and temperatures 
too high to permit the retention of either a porous tex- 
ture or the radiogenic argon content of the stones) is 
not represented among the known classes of meteorites. 

Another aspect of the cooling problem is presented by 
the iron meteorites. Most of these meteorites display 
a characteristic structure, known as the Widmanstitten 
pattern (Fig. 2). It consists of broad bars of a-iron 
(“kamacite”) and thin plates or lamellae of y-iron 
(“taenite”), containing about 5-8% and 25-50% 
nickel, respectively. Often a finely divided mixture 
of the two phases (“‘plessite’’) of intermediate nickel 
content is also observed. 


Figure 2. An etched section of the Carlton fine octahedrite (12.7% Ni), 
displaying the Widmanstatten pattern. Reproduced through the cour- 
tesy of Professor C. S. Smith. 


The Widmanstatten pattern is usually regarded as 
arising from the transformation, on cooling, of the high- 
temperature y-phase to a-phase or to a mixture of y- 
and a-phase. For an Fe-Ni alloy containing 5.5% 
Ni, the y-a transformation begins at 765°C, and is 
complete at 460°C. Meteorites of this nickel content 
(hexahedrites and nickel-poor ataxites) indeed consist 
only of a-phase. On the other hand, for a meteorite 
containing 8% Ni, transformation to the a-phase 
begins at 725°C, and should be complete at 280°C. 
Diffusion rates decrease markedly at lower tempera- 
tures, however, and at 300°C, times in excess of the age 
of the solar system would be required for the com- 
pletion of this transformation (22). Hence the trans- 
formation is usually arrested at some intermediate 
temperature, and if the phase diagram of Figure 3 
were strictly applicable, it would be possible to estimate 
this temperature, given the Ni-content of either the 
kamacite or the taenite. From this temperature, in 
turn, the time scale of cooling could be estimated. 
Unfortunately the values thus determined do not agree 
even within a single meteorite. In the Grant fine 
octahedrite, temperatures of 326° and 610°C were cal- 
culated from the kamacite and taenite, respectively 
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(23). It appears that the binary Fe-Ni diagram is a 
poor approximation to the real situation, and it is of 
interest that Vogel (24) has proposed an altogether 
different mechanism of formation of the Widmanstatten 
pattern, based on the fact that the stability field of the 
a-phase is extended up to the liquidus in the presence of 
only a few tenths of one per cent of phosphorus, as is 
commonly found in iron meteorites. However, even 
in Vogel’s model it is assumed that the iron meteorites 
cooled very slowly through the temperature range 600— 
400°C. 

This condition presents a formidable difficulty for the 
planetary hypothesis. The core of the “planet’’ must 
have been molten at one time, to permit the segrega- 
tion of metal and silicate, but Urey (25) has shown that 
a body of only lunar size, if melted by any process 
whatever, could not cool to the required low tempera- 
tures in the entire age of the solar system, even if 
heating by uranium, thorium, and potassium-40 is 
ignored. If the heating effects of ‘these radionuclides 
are considered (26), it is found that the radius of the 
parent body cannot have exceeded 1000 km. It does 
not seem possible, therefore, to account for the detailed 
features of the iron meteorites by postulating their 
origin in planetary-sized parent bodies.* 


Primary and Secondary Objects 


The second of the principal theories of meteorite 
origin was conceived by H. C. Urey. He proposed that 
the meteorites developed in two successive generations 
of bodies (6, 7, 22, 25). The first of these (the primary 
objects) accumulated at low temperatures, incorporat- 
ing a substantial content of thermodynamically un- 
stable compounds and possibly free radicals. Chance 
events, occurring from time to time, triggered exo- 
thermic chemical reactions in this material. Provided 


. the primary object had grown to -sufficient size to 


prevent the explosive dispersal of the reaction products 
(Urey has estimated that a lunar-sized object would be 
required), localized reduction, melting, and segrega- 
tion of metal and silicate phases would result in the 
formation of pools of perhaps meter or tens-of-meter 


3 In fairness to the proponents of the planetary hypothesis, 
it should be pointed out that two otherwise puzzling features of 
the iron meteorites may be explained by the effects of high pres- 
sures. The nickel-rich ataxites (716% Ni) do not display a 
Widmanstitten pattern, but only a rather irregular mixture of a 
and 7 phases. The same is true of plessite (712% Ni) in octa- 
hedrites, which would also be expected to display a miniature 
Widmanstiitten pattern according to Figure 3. As pointed out 
by Uhlig (27), pressure lowers the y-a transformation tempera- 
ture, so that both plessite and the nickel-rich ataxites might 
have been kept in the y-form by high external pressures. Upon 
release of pressure during the break-up of the parent bodies, it is 
suggested that these alioys suddenly found themselves in the a- 
region, and transformed promptly to an irregular mixture of a- 
and y-phase. However, this explanation of the absence of a 
Widmanstiitten pattern in alloys of high nickel content is not 
unique. The phase diagrams presented by Vogel (24) indicate 
that, at phosphorus contents commonly found in iron meteorites, 
these alloys differ from those of lower nickel content in that there 
is no high-temperature a or a + y field adjoining the liquidus 
in their phase diagrams. In Vogel’s model, the formation of a 
Widmanstiitten pattern would thereby be precluded. Regard- 
less of which theory is finally agreed upon, it would seem that 
changes in the binary Fe-Ni phase diagram induced by the in- 
clusion of minor constituents of iron meteorites should be care- 
fully considered. 
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dimensions. The silicate pools would differentiate 
upon cooling into more or less pure minerals, the pre- 
cursors of the achondrites, whereas the metal pools 
provide material for the iron meteorites. These re- 
actions must occur near the surface, due to the dif- 
ficulties in storing the reactive compounds at depth. 
Continued growth of the object would cause some of 
these segregated regions to be buried at great enough 
depths to permit formation of diamonds from graphite. 
If the temperatures in the interior of the object hap- 
pened to remain near 450°C, the Widmanstitten pat- 
tern could form. 

The secondary objects are thought to have been 
bodies of asteroidal size, or, alternatively, the surface 
regions of primary objects. In the secondary objects, 
the chondrites were agglomerated from debris resulting 
from collisions between primary objects, and were com- 
pacted under varying but generally low-temperature 
conditions. Still later in cosmic history, further col- 
lisions occurred which, in turn, broke apart these sec- 
ondary objects and produced the meteoroids. 

This theory has the advantage of being able to ex- 
plain, or at least accommodate, most properties of the 
meteorites, although it often relies upon events which 
would seem to have low probabilities of occurrence. 
Some of the difficulties of the planetary hypothesis also 
apply to Urey’s theory. If the primary objects were 
of lunar size or larger, the problem of mass loss from the 
asteroidal belt discussed above, and perhaps also the 
problem of breaking up such a body, must be considered. 
Probably the most severe disadvantage of this theory is 
that the range of permissible conditions in the interior 
of the primary object seems to be quite small. Pres- 
sures must be high enough, at some point, to synthe- 
size diamonds, yet high pressures would lower the y-a 
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Figure 3. The Fe-Ni phase diagram, after Owen and Liu, J. Iron and Steel 
Inst., 163, 132 (1949). Above the line AC, y-phase (taenite) is stable, 
while below AB, a-phase (kamacite) is the stable form. The regions marked 
along the weight % nickel axis indicate the approximate limits of composi- 
tional variation within the different classes of iron meteorites. (Reproduced 
from (27) with permission of the editor.) 
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transformation temperature of iron-nickel alloys to the 
point where the diffusion rates would be small, and thus 
the formation times of the Widmanstiatten pattern 
become exceedingly long. Furthermore, even if the 
interior of the primary object were initially as cool as 
450°C, due to efficient loss of heat from near-surface 
chemical reactions, it would soon begin to heat up from 
the decay of K*, U, and Th. We note also that the 
recent discovery of radiogenic Xe!” in several chon- 
drites (28) implies that now-extinct radionuclides 
such as and Cm*’, and possibly Al’, 
and Np?*’, would have contributed to the heating of the 
primary objects. It would seem that the primary 
objects must have been broken up very soon after their 
formation, both from the requirement that their inte- 
riors remain cool and from the shortness of the I! 
Xe!” decay intervals of chondrites which have been cal- 
culated [about 100 million years, according to Rey- 
nolds (28) and Goles and Anders (29) }. 

Two further points which bear upon the theory of 
primary and secondary objects may be mentioned 
briefly. Many polymict stone meteorites (30) are 
composed of fragments whose physical appearance and 
morphology are very different, but which all have the 
same or closely related chemical compositions. A 
case in point is the Cumberland Falls meteorite (Fig. 
4): the fragments of black enstatite chondrite are 


| ite, a polymict, brecciated stone. 
| Fragments of black enstatite chon- 
_ drite are embedded in a matrix of 
white aubrite (enstatite achondrite). 
* Evidently, the chondrite cannot be of 
later origin than the achondrite. 
(Reproduced through the courtesy of 
3 ae” x = Cm Dr. E. P. Henderson of the U. S. Na- 


‘ate Figure 4. Cumberland Falls meteor- 
; 


strikingly different in appearance from the matrix of 
aubrite (enstatite achondrite), but chemically there is 
very little difference. These two classes of meteorites 
comprise 3.1% and 11% of the observed falls of chon- 
drites and achondrites, respectively. If polymict 
stones were the products of the random collection of 
mixed debris by secondary objects, the probability of 
producing Cumberland Falls would be quite small. 
Similar conclusions may be reached from the study of 
other polymict stones. In addition, it may be noted 
that Cumberland Falls represents the inclusion of 
chondrite fragments in an achondrite matrix clearly 
of later origin, whereas in Urey’s model the achondrites 
are made in the primary bodies, before the synthesis of 
chondrites. 


Asteroidal-Sized Parent Bodies 


Numerous authors have suggested, during the last 
century, that the asteroids or “minor planets” were the 
immediate parents of the meteorites. All of the larger 
asteroids are spherical (31), indicating that they are not 
fragments of a larger planet, but had formed as inde- 
pendent bodies. The smaller asteroids, on the other 
hand, often display irregular light curves (31), which 
are best interpreted as due to their origin as irregu- 
larly-shaped fragments of larger objects. The colli- 
sion lifetimes of typical asteroids have been estimated 
to be on the order of one aeon (/9), and the annual 


production of dust and rubble from collisions within 
the asteroidal belt has been calculated to be ~10"? kg, 
more than ample to account for the apparent frequency 
of meteorite infall on the earth’s surface (32). Thus, 
it seems quite reasonable that the material in the aster- 
oidal belt is the immediate source for most, if not all, 
of the meteorites. 

It is tempting to speculate that the asteroids are not 
merely the last residence of the meteorites, but repre- 
sent the parent bodies in which these objects acquired 
their structures. However, a detailed analysis of this 
suggestion reveals three important difficulties. The 
chief of these, as pointed out by Urey (6, 7, 33), is that 
of the nature of an energy source intense enough to 
provide heat for melting portions of the meteoritic 
parent bodies. Temperatures in excess of 1800°K, 
the melting point of iron, are required for separations of 
iron and silicate phases: forsterite inclusions in the 
Tucson meteorite imply temperatures of ~2100°K; 
and both the flow structures of the orvinites and the pre- 
terrestrial magnetic moments of some chondrites (34) 
indicate that temperatures in the interiors of the parent 
bodies of these meteorites were of the same magnitude. 
The surface-to-volume ratio of asteroidal-sized bodies 
is so large that heating by long-lived K, Th, and U radio- 
activities could not have provided central temperatures 
above ~1000°K, even in the largest of the asteroids 
(Ceres, radius = 385km). Also, the surface gravity of 
such a body is too low to permit the effective operation 
of the Urey-Donn chemical heating mechanism. 

The two remaining difficulties are connected with the 
small gravitational potential of asteroidal-sized objects. 
It has been suggested (22) that the presence of dia- 
monds in meteorites is indicative of pressures on the 
order of 3 X 10* atm, more than a factor of ten greater 
than the gravitational pressures of asteroidal interiors. 
Finally, it has often been claimed that gravitational 
phase separations would be inhibited in small bodies. 

The last objection, that gravitational separations of 
iron and silicates and of one silicate phase from another 
would be inefficient in small bodies, was critically ex- 
amined by R. A. Fish and the present authors (35). 
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Figure 5. Interior temperatures of radioactively heated planetesimals versus 
fractional volume. The lower curve is a typical curve for planetesimals in 
which central melting has just begun. The solid portion of the upper curve 
is representative of planetesimals with superheated cores; no allowance 
has been made for convective heat transport or other perturbations. The 
dashed portion of the upper curve is an estimate of the temperatures in the 
case that convection in the molten central regions and conduction in the inner 
metal core are both effective. The horizontal lines indicate melting points 
of various meteoritic phases. [Reproduced from (35). Copyright (1960) 
by the University of Chicago.] 
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It was demonstrated that the efficiency of gravitational 
separations is not a function of the total radius of the 
body, but only of the distance of the differentiating melt 
from the center of the body. It may be shown that the 
observed meteorite phase separations could easily be 
attained in kilometer-sized objects, if an appropriate 
heat source were present. 

Fish et al. (35) proposed that the remaining objec- 
tions to the hypothesis of the origin of meteorites in 
small bodies could be tentatively set aside by means of 
two assumptions: That a transient, internal heat 
source, such as extinct radioactivity (33, 36), had been 
present, and that meteoritic diamonds could have been 
produced without high gravitational pressures.‘ 
Granted these premises, the thermal history of aster- 
oids heated by such a source was investigated in order 
to discern the spontaneous processes that might occur in 
these bodies. It then remained to be shown that these 
processes sufficed to account for the principal features of 
meteorites. 

The temperature distribution in an internally heated 
asteroid is given in Figure 5. Reduction of Fet+* to the 
metal will set in at temperatures of 600°K, and once 
melting begins at the center, the body will consist 
of an inner core of metal, an outer core of molten sili- 
cates, a sintered mantle, and an unconsolidated surface 
layer. This stratification could account for the com- 
position and texture of the known classes of meteorites: 
the materials of the highly differentiated irons, palla- 
sites, and achondrites would come from the core; the 
compact, well-sintered mesosiderites and crystalline 
chondrites, from the deeper regions of the sintered 
mantle; the more friable types of chondrites, from the 
intermediate and upper layers; and the carbonaceous 
chondrites, from the consolidated surface regions. 

An interesting consequence of this model is that it 
provides for the operation of a quasi-voleanic process. 


. On heating, the following reactions could take place in 


the core: 
FeS + SiO, + 2C — Fe + SiS + 2CO (2) 
2FeS = 2Fe + & . (3) 
Fe + SiO. = SiO + FeO (4) 


The first of these is used commercially in the desul- 
furization of steel, and gives a silicon monosulfide par- 
tial pressure of one atmosphere at temperatures as low 
as ~1800°K (R. M. Fowler, private communication). 
The second and third reactions require higher tempera- 
tures, of about 2500 and 3000°K, in order to develop 
comparable pressures. With the amounts of carbon 


‘ Recently, both of these assumptions have received support 
from experimental evidence. The suggestion that extinct radio- 
nuclides were present during the synthesis of meteorites was 
confirmed by the discovery of radiogenic Xe'?® in meteorites by 


Reynolds (28, 37). Theories for the incorporation or production‘ 


of these radionuclides in the solar nebula have recently been 
proposed (38, 39). However, it still remains to be demonstrated 
experimentally that any of these radionuclides, e.g., Al?*, were 
present in amounts sufficient to act as major heat sources. With 
respect to meteoritic diamonds, Lipschutz and Anders (40) have 
presented a detailed argument, based on metallographic evidence 
and thermodynamic calculations, that the diamonds in the 
Canyon Diablo meteorite were formed on impact with the earth. 
Very little is known concerning the mode of occurrence of dia- 
monds in other meteorites, but it has been suggested also that 
they were formed by shock waves, either during impact with the 
earth or during the disruption of the parent body. 
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and iron sulfide normally present in iron meteorites, 
reaction (2) should take place continuously at the 
boundary between the metal and silicate layers in the 
molten core. If the mantle is porous enough to be 
permeable to gases, the gaseous products will flow out- 
ward; SiS will undergo chemical reactions or con- 
dense in the cooler regions, whereas CO will largely 
escape even if it is partly oxidized to CO.. On the other 
hand, if the deeper portions of the mantle have been 
sintered sufficiently to make them gas-tight, the SiS 
and CO will accumulate in the core until their combined 
pressure exceeds the sum of the tensile strength and the 
gravitational pressure of the overlying layers. At that 
time, an explosive, quasi-volcanic eruption may occur. 

An eruption of this kind could carry molten material 
to the surface, where it would be dispersed by turbu- 
lence into rapidly solidifying droplets. It is interesting 
to note that many students of meteorites have pre- 
viously concluded that some kind of volcanism would 
best account for many structural features of the meteor- 
ites. In particular, the chondrules are almost univer- 
sally believed to have originated by dispersal and rapid 
cooling of a melt (15, 41, 42).5 Volcanism of the 
terrestrial type, based on water vapor, is not likely to 
have been of importance in asteroids, since low-boiling 
substances of low molecular weight would be lost from 
the interior of the object at an early stage. The model 
proposed obviates this difficulty by allowing for the 
generation of gases at high temperatures from non- 
volatile substances. 

A desirable feature of this process is its cyclic nature. 
After each eruption, the fissures in the mantle will be 
sealed by sintering or by intrusion and freezing of a 
melt, so that, as long as the heat source persists, pres- 
sures can again build up in the core. The amazingly 
complex, brecciated structures of many stone meteor- 
ites, exhibiting up to five generations of fragments 
within fragments (30), seem to require repeated cycles 
of heating, chondrule formation, fragmentation, reac- 
cumulation, and mixing. 

The “proof” of any such hypothetical model must, of 
necessity, rely largely on circumstantial evidence. 
It is therefore essential that the physical conditions 
and processes proposed in the model be consistent with 
all known properties of meteorites. Unfortunately, 
few meteoritic properties exist for which there is a 
single, unique explanation; in some cases, however, one 
model may offer a simpler and less contrived explana- 
tion than another. Two such cases, for which the 
model under discussion seems to provide a relatively 
straightforward rationale, are the capillary veins in 
stone meteorites, and the abundances of some heavy 
elements in chondrites. By discussing these properties 
in detail, we hope to illustrate the type of reasoning 
that is generally used in this field. These properties 
are by no means the only ones of significance, but they 
were established only recently, and have therefore not 
been as fully discussed in the literature as some others. 

Many stone meteorites are permeated by a network 
of veins, ranging from a centimeter to about 0.01 mm 


5 This explanation is not unique, however. Urey and Craig 
(5) have suggested that chondrules originated in collisions, Ring- 
wood (12) believes that they crystallized in situ, and Levin (43) 
proposed that they represent primary condensates in the solar 
nebula. 
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in thickness (Fig. 6). A most important clue to their 
origin was provided by the Viennese geologist Berwerth 
in 1903 (44). In his study of the Peramiho eucrite, he 
states: 


The compositional changes within a single vein are highly in- 
structive and of importance in establishing the nature of veins. 
A fine, black vein that can be traced over considerable distances 
suddenly terminates at a feldspar grain, and then resumes at the 
other side of the crystal. This break is only apparent, however, 
since the vein is not actually interrupted by the feldspar, its 
continuity being restored by [a band of] white anorthite (feld- 
spar) glass. All of the above phenomena indicate that the veins 
were produced within the stone by the effect of heat. 


To a chemist, this observation is extremely sugges- 
tive. The narrow width and glassy character of the 


Figure 6. Veins in the Wal- 
ters stone meteorite. Note 
the wide range in vein thick- 
ness and also the complex, 
branching network of capil- 
lary veins. (Reproduced 
through the courtesy of Dr. S. 
K. Roy, of the Chicago Natural 
History Museum.) 


vein in the anorthite crystal seems to imply very brief 
and localized melting, followed by rapid cooling. But 
why is the vein black in the pyroxene [((Mg++, Fe+*).- 
SizOs] matrix and colorless in the anorthite [CaAl:- 
Si,O3] crystal? Some material must have been intro- 
duced that gave a black reaction product with the 
pyroxene but not with the anorthite. Could it be that 
the iron content of the pyroxene was responsible for 
the dark color? 

Compounds to be considered as the source of this 
coloration are: finely divided metallic iron, magnetite, 
and troilite (FeS). For the latter compound, a simple 
metallographic test is available, the so-called “sulfur 
print.” The polished specimen is placed on a piece of 
wet photographic paper that has been soaked in dilute 
sulfuric acid. Any acid-soluble sulfide will react. with 
the silver bromide in the emulsion, e.g. : 


FeS + 2AgBr — Ag:S + Fet+ + 2Br- (5) 


producing a sharp contact print which reveals the dis- 
tribution of sulfides in the specimen. 


ith 
til 


Figure 7 (left). Section of Harrisonville chondrite with prominent vein sys- 

tem. 

Figure 8 (right). Sulfur print (see text) of Harrisonville section of Figure 7. 

Areas rich in troilite show up dark in print; note that veins are enriched in 

= a from (35). Copyright (1960) by the University of 
ago. 


The first veined meteorite that was tested in this 
manner was the Harrisonville, Missouri, chondrite (Fig. 
7). We found that the X-shaped vein pattern was 
indeed accurately reproduced on the sulfur print (Fig. 
8), indicating a substantial local enrichment of sulfide 
in the veins. We have since tested numerous other 
veined meteorites, and found the same enrichment in 
sulfide in every instance. 

Under the microscope, a number of additional fea- 
tures of veins become apparent. The veins can be 
plainly traced by following the stream of finely divided 
troilite particles (Fig. 9), which often coalesce to round 
droplets (Fig. 10). These are suspended in glassy- 
appearing silicates, implying that temperatures above 


Figure 9. (left). Enlargement of vein and surrounding regions of Harrison- 
ville section. Note troilite droplets scattered along vein, especially near 
metal fragments. 

Figure 10 (right). Further enlargement of troilite droplets in vein. The ap- 
parently spherical shape indicates that their silicate matrix was once molten, 
as does the glassy character of the silicate. Shearing flow must have been 
largely absent during solidification. 


-~1800°K were reached, yet only a few millimeters away 
are found single-crystal kamacite grains with Neumann 
lines, features that would not survive heating above 
~1000°K for even a few seconds. An even more strik- 
ing case is presented by the split taenite grain in Figure 
11. Originally, this particle must have been com- 
pletely surrounded by a dark “diffusion border”’ of very 
fine-grained a-y mixture, which is believed to have 
formed on slow cooling of the y-alloy inthe a + 
field. On reheating, the border disappears, due to 
conversion of a-phase to y (see Fig. 3), and if the re- 
heating is followed by rapid cooling, the particle will 


Figure 11. Split taenite (y- 
phase) grain traversed by a vein. 
The discontinuous diffusion border 
around the particle indicates that 
it was once kept at temperatures 
of some 800-1000°K, where a 
continuous border could develop, 
and that it was subsequently frac- 
tured and was then exposed 
briefly to high temperatures. 
After that, it remained at tem- 
peratures too low to permit the 
redevelopment of a_ continuous 
diffusion border. The granular 
structure is identical with that 
obtained upon reheating of pless- 
ite to about 900°K. The persistence of some needle-like plessite in the 
particle on the left, which lies farther from the vein, implies that the heat 
was applied for so short a time that even a thin band of silicate could 
act as an effective thermal barrier. The abrupt appearance of troilite 
droplets in the vein, beginning in the center of the photograph, is apparent- 
ly due to reaction of hot sulfur-containing vapors with the metal particle. 
[Reproduced from (35). Copyright (1960) by the University of Chicago.] 
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become polycrystalline and granular in appearance. 
Precisely this effect may be observed. The border has 
survived in the particle on the left, on the side farthest 
from the vein, and at one edge of the fragment on the 
right, but has disappeared everywhere else. Similarly, 
the original needle-like plessite structure has survived 
in the region farthest from the vein but has disap- 
peared elsewhere, giving way to the granular structure 
characteristic of reheated metal. Evidently the reheat- 
ing in this instance must have been of exceedingly short 
duration, so that the heating effects were localized to 
the volume within hundredths of a millimeter from the 
vein. One should note that other meteorites, with 
larger veins, exist in which heating effects are traceable 
for as far as several centimeters from the veins. 

Meteoritic veins could not have been produced by 
frictional beating. Aside from the fact that this mech- 
anism would not account for the observed enrichment in 
sulfide, the heat available is clearly insufficient. The 
frictional force is equal to the force pressing the surfaces 
together, times the frictional coefficient. A generous 
upper limit to the pressure may be obtained by setting 
it equal to the compressive strength of the hardest 
chondrites, ~3500 kg/cm? (45), and the frictional coef- 
ficient may be taken as 0.7 (a typical value for stone 
and masonry). For these values, we find that the fric- 
tional force is 2.4 X 10° dynes/em.? The lateral dis- 
placement of the vein walls occasionally is as great as 
0.1 cm (for the large veins), as measured from the rela- 
tive displacement of the portions of a split metal par- 
ticle or chondrule. For such a displacement, the work 
done against the frictional force is 2.4 X 10° ergs/cm?, 
or ~5 calories/em?. In a vein of 0.1 cm thickness, the 
temperature will rise by merely 75°C, if the specific 
heat of the walls is taken to be 0.2 cal g-! deg—'!, and 
their density, 3.3 g/em*. Obviously, this is far from 
sufficient to account for the observed heating effects. 
In the finest capillary veins, with diameters as small as 
10-* cm, fusion would indeed occur at pressures of 3500 
kg/cem?, if the displacement were as large as 0.1 cm. 
But in none of the capillary veins examined have we ever 
found displacements even as large as 2 X 10-* cm, 
corresponding to a temperature rise of ~150°C. More- 
over, the capillary veins often form closed loops, or are 
right-angle branches of larger veins, so that extensive 
lateral displacements are impossible for geometric 
reasons. 


It can also be shown that the veins cannot have been 
caused by injection of a melt. The flow of any such 
melt must have been extremely rapid, to allow complete 
penetration of capillary cracks before enough heat had 
been conducted to the walls of the cracks to cause the 
melt to freeze. Flow rate depends on the head pres- 
sure, the viscosity of the melt, and the dimensions of the 
vein system. There is no reasonable choice of the 
pressure and viscosity such that a melt can be injected 
fast enough to meet the above condition, but for a gas 
or superheated vapor, with viscosities some 10— to 10-* 
that of a liquid, the situation is far more favorable. 
By a process of elimination, one is thus led to the con- 
clusion that the veins were produced by the momentary 
passage of hot, sulfur-containing gases or vapors 
through cracks in the mantle of the parent body. It is 
of interest to recall that the explosive release of hot, 
sulfur-rich vapors has been postulated on independent 
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grounds, as part of the volcanic process in the aster- 
oidal-sized parent bodies described by Fish, et al. (35). 

Recently, Hentschel (46) concluded from a study of 
the Breitscheid chondrite that part of the troilite in 
this meteorite was of “secondary” origin, having been 
formed by partial replacement of metal by troilite. 
In contrast to primary troilite, secondary troilite con- 
tains small irregular grains of metal, possibly repre- 
senting the nickel-rich residue from the sulfuration of 
the metal (Fig. 12). Similar grains are visible in 
Figure 13, from the paper by Fish, ez al. (35). 


Figure 12 (left). Primary and secondary troilite in Harrisonville. The 
granular primary troilite (gray area in upper right) adjoins secondary troil- 
ite (mottled gray-white area in center) which was apparently derived by 
sulfuration of the contiguous kamacite (white area, lower left). Note that 
the kamacite is polycrystalline, implying reheating late in its history. 

Figure 13 (right). Kamacite particle adjoining vein. Note concentration 
of troilite droplets and metal fragments at lower end of particle. The ap- 
pearance of this area suggests corrosive attack of the metal particle by hot 
sulfur vapors. [Reproduced from (35). Copyright (1960) by the Univer- 
sity of Chicago.] 


Another line of evidence in support of this hypothesis 
comes from studies of the distribution of certain trace 
elements in chondrites. Reed, et al. (47) and Ehmann 
and Huizenga (48) showed that the abundances of 
thallium, lead, and bismuth in bronzite and hyper- 
sthene chondrites are far lower than would be expected, 
either from theories of nucleosynthesis or from the 
concept of a smoothly varying abundance curve (Table 
1). It might be argued that these elements, being the 
heaviest of the stable ones, perhaps should not. follow 
the predicted trends. For instance, the abundances 
of their neutron-rich progenitors in the r-process of 
nucleosynthesis might be abnormally low, due to the 


Table 1. Abundances of Indium, Thallium, Lead, and 
Bismuth in Chondrites 


Enstatite 
Hypersthene and bronzite and Suess- 
chondrites carbonaceous Urey 
Median chondrites abundances 
Range or av. (range) (4) 
Tl 0.03-3.8 ppb ppb 70-140 ppb =140 pp 
(47) (47) 
1.3 ppb 
(48) 
Pb 0.040.6 ppm ~0.15ppm_ 1-5 ppm 0.62 ppm 
i (4 (47) 47) 
Bi =: 0..4-8 ppb ~3 ppb 80-180 ppb 190 ppb 
(47) (47) (47) 
2.2 ppb 
(48) 
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effect of the closed nuclear shell at 126 neutrons. How- 
ever, Schindewolf and Wahlgren (49) found the abund- 
ance of indium, an element in the middle of the periodic 
table, to be nearly one hundred times lower than ex- 
pected. There is no nuclear property of indium that 
would account for its rarity, and one is therefore led to 
believe that a chemical fractionation process must have 
been responsible. Evidence in support of this view 
was recently furnished by Reed, et al. (47), who found 
that the “deficient”’ elements thallium, lead, and bis- 
muth are present in nearly their expected abundances in 
members of two rare subclasses of chondrites, the 
carbonaceous and enstatite chondrites. 

Urey (9, 11, 50) has discussed chemical fractionations 
in meteorites by volatilization, and pointed out that 
mercury, due to the high volatility of its compounds, 
would be the first of the so-called “non-volatile” ele- 
ments to be lost upon heating, followed by zinc and 
cadmium.® It is therefore puzzling, at first sight, that 
the more volatile elements (including mercury) are not 
greatly underabundant in bronzite and hypersthene 
chondrites, whereas some elements of lower volatility 
are very strongly depleted (Fig. 14). Evidently, the 


fractionation was not caused by simple volatilization. - - 
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Boiling points of chalcophile 
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Figure 14. Boiling points of chalcophile elements and their sulfides versus 


depletion factors in chondrites. The relatively non-volatile elements TI, - 


Pb, Bi, and In, whose boiling points are higher than the decomposition tem- 
peratures of their sulfides, are strongly depleted, whereas the volatile ele- 
ments Hg, Se, Zn, and Cd are much less affected, if at all. 

The “calculated” abundances of In, Se, Zn, and Cd were taken from Suess 
and Urey (4) and those of TI, Pb, Bi, and Hg, from Cameron (54). The ob- 
served abundances are from various recent studies (47, 48, 49, 55). The 
abundances of Zn and Cd, and the decomposition temperatures of thallium 
and indium sulfides are uncertain. 


A clue to the resolution of this paradox is actually pro- 
vided in Figure 14—for the strongly depleted elements, 
the sulfide has a higher boiling point or decomposition 
temperature than the element itself, whereas the re- 
verse is true for the less strongly or non-depleted ele- 
ments. The observed fractionation could be explained 
in the following way: In an internally heated planetesi- 
mal of chondritic composition, the first major phase 
to melt will be the troilite-iron eutectic (mp 1261°K). 
Owing to its high density, the eutectic melt will flow 


® Arsenic and antimony were also included in Urey’s original 
list, but since these elements, just as their congener phosphorus, 
form relatively non-volatile alloys or compounds with iron and 
nickel, their volatilities are much lower than previously esti- 
mated. In fact, arsenic is known to occur in the metal phase of 
chondrites in approximately the expected abundance (51). 


toward the core, dissolving elements that form stable 
sulfides at or above this temperature. Reference to 
Figure 14 indicates that all the depleted elements, with 
the possible exception of mercury and thallium, will 
be extracted. (Actually, as a consequence of Henry’s 
Law, the decomposition temperatures of the diluted 
sulfides will be higher than the values for the pure com- 
pounds indicated in Figure 14, so that even mercury 
and thallium are likely to be extracted.) 

In its flow toward the core, the Fe-FeS eutectic will 
percolate through regions of progressively higher tem- 
peratures. Eventually the temperature will become 
high enough to decompose the dissolved trace metal 
sulfides, most of which have similar decomposition 
temperatures. At this stage, the great difference in 
boiling points of the two groups of elements will be- 
come important. The partial pressure of sulfur vapor 
above the melt is fixed by the FeS decomposition equi- 
librium, and is held to a low value due to the excess of 
free iron in the eutectic. The partial pressures of the 
metal vapors, on the other hand, are given by the re- 
spective Henry’s law constants, which for very dilute 
solutions should be roughly proportional to the vapor 
pressures of the pure metals. Manifestly, these pres- 
sures will be enormously greater for the more volatile of 
these elements, e.g., mercury, cadmium, and zinc. If 
the vapor pressures exceed the confining pressures, 
these elements will be returned to the chondritic mantle. 
In view of the thermal gradient which exists in the 
mantle, these elements may be expected to condense in 
the inverse order of their boiling points, although they 
may be partially retained in warmer regions by re- 
action with iron sulfide grains. Mercury in particular 
should condense largely in regions close to the surface, 
and it is interesting to note that in the single car- 
bonaceous chondrite studied, Reed, et al. (47) have 
indeed found the remarkably high mercury content of 
104 ppb. This is in agreement with the assignment of 
carbonaceous chondrites to the cold surface regions of 
the parent planetesimals. 

If this picture is correct, then only those meteorites 
that consist largely of materials once subjected to 
temperatures above 1261°K should show this fractiona- 
tion. The carbonaceous chondrites appear to have 
spent most of their history at temperatures below 
500°K, and it may be that they have thus retained the 
primordial abundances of these trace elements, with the 
exception of mercury. The low mercury content and 
other properties of the enstatite chondrites are definite 
evidence of a high-temperature history, but the con- 
stancy of their Ni/Si ratios (6) and the incomplete 
segregation of metal and silicate (52, 53) suggest that 
the maximum temperatures to which these meteorites 
were subjected were not high enough to cause extensive 
fractionation by the mechanism discussed above. 

This model is still inadequate in some respects. The 
troilite content of chondrites is remarkably constant at 
about 5% (4). This troilite cannot simply be an 
aliquot of the original troilite, since an initial content 
of 10? to 10* times the observed amount would be re- 
quired to account for the large depletion factors of 
thallium and bismuth. A mechanism is apparently 
needed for the return of sulfide, fractionated with 
respect to the trace elements, to the mantle. Such a 
mechanism is provided, in principle, by reactions (2) 
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and (3) given above. If either sulfur vapor or silicon 
monosulfide were to undergo chemical reactions in the 
mantle, e.g.: 


S. + 2Fe — 2FeS (6) 
or 


SiS + 2FeSiO, — 2FeSiO; + FeS + Fe (7) 


the “solvent”? FeS would be regenerated, and a cyclic 
process resembling a Soxhlet extraction could take 
place. However, much experimental work, particularly 
on the high-temperature behavior of an Fe-FeS melt 
containing these trace elements and in contact with 
other meteoritic phases, will be required to establish the 
validity of this model. 

While the hypothesis of meteorite origin in a single 
generation of asteroidal-sized bodies appears to be 
capable of providing valuable insights, it has not yet 
been directly proved whether a heat source of the re- 
quired type, e.g., Al*®, was present during the early 
history of the solar system. Furthermore, this hy- 
pothesis does not seem to provide an explanation for the 
variations in mean density between the earth and the 
moon, and among the inner planets (8, 25). These 
variations do not have a direct bearing on the history of 
the meteorites, but any theory of the origin of meteorites 
should ultimately be tested for consistency with our 
knowledge of the solar system as a whole. 


Conclusions 


We have presented brief outlines of the three principal 
theories of meteorite origin. Although the problems 
involved have received much careful scrutiny from 
workers in various fields, none of these theories can at 
present be considered to be definitive. This stituation 
is due, in general, to two factors: the material under 
study is very complex, and the phenomena, because of 
obvious limitations, cannot be reproduced in the labora- 
tory. Nevertheless, it is possible to treat this subject 
in a rigorous manner, being guided by the principles 
that all the pertinent data should be considered and that 
the models proposed should be self-consistent and 
involve, as far as possible, only processes of reasonable 
probability. With this in mind, the major aim of our 
discussion has been to stimulate interest in devising 
crucial experimental tests for the theories outlined, 
largely by indicating the way in which some experi- 
ments have affected theory. It is certain that our 
concepts of the origin of meteorites will undergo many 
changes in the next few years. One would hope that our 
understanding of the meteorites will be increased and 
that, eventually, it will be possible to construct a de- 
tailed history of these most complex and fascinating 
objects. 
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Cctains have been interested from time 
immemorial in the chemical composition of the world 
around us. With the growth of knowledge about nu- 
clear transmutation and about nuclear reactions in 
stars, it is now possible to outline the main processes 
by which our elements were made from the simplest one, 
hydrogen. The present treatment will be restricted 
to the main process responsible for the heavy elements, 
of mass number A greater than 70. The process is that 
of very rapid capture of fast neutrons in a supernova 
explosion, whereby atoms in the iron region (where nu- 
clear binding is tightest) suddenly are exposed to a 
tremendous flux of fast neutrons of short duration, and 
hundreds of neutrons may be captured. Subsequent 
radioactive decay of these products gives us the ele- 
ments we now know. . 


Nuclear Shell Structure 


The nucleus is composed of Z protons and N neutrons 
in very tight combination of mass number A = Z 
+N. The typical binding energy, B? or B" for pro- 
tons or neutrons, is 6-8 Mev for the species stable to 
8~ decay of electron capture. There is a well-defined 
pattern (1) of Zeta» and Ns» for the 300-odd 8-stable 
species known in the region 1 < A < 260. Nuclides of 
given A with N values lower than Na in this pattern 
change protons into neutrons by electron capture; 
those with N values higher change neutrons into pro- 
tons by 8 decay. All nuclides with Z > 83 (and a few 
others) undergo @ decay, but some of these in the region 
near Z = 92 have rather long half-lives for a decay. 
Three of these, Th? (1.4 X 10" yr), U*® (7.13 X 
108 yr), and U?® (4.51 X 10° yr) have half-lives com- 
parable with the age of the elements and, like several 
8 unstable low-Z species (e.g., 1.3 X 10°-yr K*), they 
are still found in measurable amounts. 

It is taken as an axiom that all stable nuclei are found 
in nature, and that all other combinations of Z and N 
will be unstable. Species of half-period longer than 
about 5 X 10° yrs are also found in nature, having 
persisted since the time of nucleosynthesis. 

Quantum mechanical considerations control the inter- 
actions of the Z protons and N neutrons of the nuclide 
Z4. Coulombic repulsion tends to keep the protons far 
apart, favoring high angular momentum quantum-num- 
ber J, although the intrinsic nuclear proton-proton at- 
traction is as high as the neutron-neutron attraction. 


Address for the ACS Award for Nuclear Applications in Chemis- 
try, sponsored by the Nuclear-Chicago Corporation. Presented 
as part of the Symposium “Geochemistry: Analysis and Syn- 
thesis’ before the Divisions of Inorganic Chemistry, Physical 
Chemistry, and Chemical Education at the 137th Meeting of the 
ACS, Cleveland, Ohio, April 1960. 


The Chemistry of Creation 
of the Heavy Elements 


The high neutron-proton interaction (not affected by 
the Pauli Exclusion Principle) tends to keep the neu- 
trons also in states of high /. As pointed out by Mayer 
(2) and Haxel, et al. (3), the final key to nucleon shell 
structure is the recognition of high spin-orbit coupling. 
For a state of high /, the quantum configuration with 
nucleon spin '/2 parallel to J, of total angular momentum 
j = 1+ 1/2, is of lower energy than that of 7 = 1 — 
1/, by about 2 Mev for large / values. 

Shell-closure in the nucleus, as in the electronic struc- 
ture of the atom, is a consequence of a gap in energy 
levels. Shell-closure in nuclei occurs when either Z or 
N attains the numbers,! 2, 8, 20, 28, 50, 82, or 126. 
These numbers correspond to the population permitted 
by the Pauli Exclusion Principle in the filling of nucleon 
orbitals up to the respective points where bars occur 
in the following set? 


ls / 1p, 1d, 28 / / 2p, / 2d, 3s, / 
2f, 3p, / Liye... 


In the orbital of highest energy, neutrons remain 
paired as far as possible, as do protons. This is a 
contrast with electronic structure (Hund’s Rule), 
where electrons in the highest orbital keep the maximum 
number unpaired that is permitted by the Pauli Ex- 
clusion Principle. The pairing energy of two neutrons 
or two protons is 1.5-2.5 Mev, depending on the shell 
region. It explains the great preponderance of A- 
stable even-A nuclides of even-Z, and the total absence 
of B-stable even-A isotopes of odd-Z elements beyond 
7N}4. All even-Z even-A species have zero spin; 
odd-A nuclides generally show the spin properties of the 
odd proton or odd neutron [the Independent Particle 
Model (4) ]. 

Nuclear shell structure corresponds to a drop of about 
2 Mev in a binding energy of about 8 Mev for common 
nuclei, which is much less pronounced® than electronic 


1 The shell numbers quoted here were found empirically, and 
were called “magic numbers’’ before they were explained on 
quantum mechanical principles. 

2 The orbitals are designated s, p, d, f, g, h, i, j for 1 values of 
0, 1, 2... 7. The subscripts refer to the j values, / + '/2. 
The successive recurrence of / values is designated by the numbers 
1, 2, 3, .. .to mark the recurrence of a given / value, as in num- 
bering levels for a harmonic oscillator. The first time 1 = 3 
occurs, for instance, it is called 1f, not 4f as in electronic nomen- 
clature. 

3The drop in electron binding energy (ionization potential) 
is from typically 15 ev for a noble gas to 5 ev for an alkali metal. 
The order of electronic shell structure is set by minimum angular 
momentum, in order to bring each electron close to the nucleus. 
Shell structure is set by the gap in energy following filling of the 
is level, and after that the successive p levels 2p, 3p, 4p, ete. 
The shell numbers are: 2, 10, 18, 36, 54, 86, and 118; these are 
the atomic numbers of the noble gases. 
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shell structure. It does however make a noticeable 
effect in nuclear properties, especially dynamic ones. 
The so-called “valley of stability” in the nuclear 
energy surface is narrowed in the region of shell number 
for Z or N, leading to a small favoring of shell numbers 
in the pattern of stability. The fall in binding energies 
on crossing a shell number is quite apparent. 

The most dramatic effect, however, is on reaction 
probability. Nuclides with closed shells of neutrons 
or protons show marked fall in cross section o for 
adding fast neutrons (5) compared to other nuclides in 
the same general A region. This fall is approximately 
50 fold, apparently observed only for those nuclides 
available for study with closed proton or neutron shells. 
In other features, the cross sections for fast neutrons 
(~1 Mev) increase exponentially with A until A is 
about 100, after which they remain constant at about 
0.1 barn (10-*4 em?/atom) for the rest of the region 
available for study. 


Astronuclear Reactions 


Most of the matter in the universe is hydrogen (6), 
and astrophysical models of stellar reactions (7, 8) 
consider stellar development beginning with ,H!' as 
the raw material. When sufficient hydrogen is col- 
lected gravitationally (~ 10** g), temperatures rise from 
the release of gravitational potential energy, heating 
the core to a temperature of about 107°K. Nuclear 
energy then is released by the thermonuclear reactions: 


1H' + ,H' = ,H? + be (1) 
iH? + ,H' = .He® + y (2) 


at a rate set by that of equation (1) and with a net 
energy release of 26.7 Mev for the over-all reaction: 


4,H! = + 28+ + 2p (4) 


-If some ,C” is present in the stellar core, another 
reaction, the Bethe cycle, gives a higher conversion 
rate at slightly higher temperatures. This involves 
the successive reactions 
(p,y)N“; and N¥(p,a)C™, with 
the same over-all equation as (4). 

If sufficient great mass is available in the star, gravi- 
tational energy will drive the core to still higher tem- 
peratures when all of the ,H' is burned out. At 
temperatures around 2 X 10°°K and densities of about 
2 X 10‘ g/cm*, helium nuclei condense to carbon 
nuclei: 


3 2He* = (5) 


releasing 7.2 Mev. At still higher temperatures and 
pressures, other heavy nuclei are formed, until for the 
heaviest stars, the cores can go to thermonuclear equi- 
librium with large amounts of oFe® present. No fur- 
ther nuclear potential energy is available to make 
heavier elements, as the nuclear stability falls with A 
for heavier nuclei. 

Some neutrons can be made in the previous types of 
syntheses if protons are brought from outer shells into 
a hot core with helium and heavier elements. The 
protons will be changed into nuclei like C'*, Ne?!, Mg”, 
and the (a, m) reaction on these produces neutrons. 

A star that is heavy enough can condense nuclei 
until most of its core material is in nuclei in the region 
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of iron. It will be at very high density (~10® g/cm*) 
and temperature (~5 X 10°°K). A sharp change in 
the matter in statistical equilibrium sets in under fur- 
ther gravitational action, leading to breakdown: 


= 13 + 4 on! (6) 


This reaction is endothermic by 124.5 Mev. It leads 
to a spectacular collapse of the core with a time scale 
of only minutes. The outer layers also collapse with 
great heat output, leading to a supernova explosion. 
Part of the mass is blown off into space at high velocity. 
Supernova explosions are thought to occur about once 
per 300 years per galaxy. Our Crab Nebula is the 
product of such an explosion in 1054 a. p. 


Neutron Capture and Isotopic Abundances 


The abundances of the different naturally occurring 
isotopes of elements are known with high precision. 
No significant difference is found for samples from dif- 
ferent terrestrial sources, or between terrestrial samples 
and meteoritic samples. There is a general consistency 
in the pattern for all heavy elements, similar to that 
shown in Figure 1. This is a plot of the isotope abun- 
dances of stable species with Z values between 44 and 
49 and N values between 56 and 68. Stable species are 
outlined in black with mass number A and per cent 
isotope abundance in the square. For interest, half- 
lives are shown for some of the unstable nuclides. Neu- 
tron capture corresponds to movement one space to the 
right; 8 decay corresponds to movement diagonally up 
one and one to the left. 

This pattern finds simple explanation if neutron 
capture, in a steady state, with 8 decay of unstable 
species, was a common step. If the neutrons come on 


13 15 
42 1494 [95.8] S4m| 1.9h 
4s | 106 108 lo 2 3 43d 
122] 67h Joss} 123 230 | 7.6 
47 | 109 
514 | 2.3m 2704) 754 
02 105 os] 7x [08 TO 55h 
% | 17a 10% [267] ian Lue | 22m| 
103 | 4.4m 
“5 100] 42s fins 
100 102 104 
t 56 58 60 62 64 66 68 
z N— 


Figure 1. Typical pattern of isotope abundances above mass number 80. 
Stable nuclides are shown as black-edged squares with mass number and 
isotope abundance in per cent. Half-lives are shown for relevant unstable 
species: m = minutes, h = hours, d = days, y = years. Ordinate: 
atomic number Z; abscissa: neutron number N. 


a slow time scale, with repetition in times large com- 
pared to 40 days, but small compared to 7 X 10® yr 
(Pd'”), the reaction path would include Ru!—-Ru!®, 
Rh”, Ag! The sub- 
sequent 8 decay of 7 X 10°%-yr Pd'” would give an equal 
amount of stable Ag’. All stable nuclei to the left 
of this line (except Ag’) occur in rather low abun- 
dance, and are presumably made by photonuclear proces- 
ses and proton capture. Fowler (7, 9) calls neutron 
capture on a slow time scale the s process, and the rare 
mode of production of the light even-Z isotopes the p 
process. 

The heaviest stable isotopes of even-Z elements such 
as Ru, Pd', and Cd!*, could be made by neutron 
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capture only if the repetition time is short compared to 
the half-lives of the intermediate 6-unstable species 
Ru", Pd", and Cd'®. Such a rapid capture process 
is called the r process (7, 9). The abundances of the 
stable species formed by it indicate that it was a prom- 
inent process, but give no obvious measure of the 
timing of successive neutron capture on a given nucleus. 

If we assume that neutron capture reactions con- 
tinued to make the heaviest naturally occurring nu- 
clides, Th®*?, U2*, and U2, out of lower elements like 
thallium, lead, and bismuth, we find that neutron 
capture on a slow time scale cannot bridge the gap, and 
neutron capture on a fast time scale must have been 
on a very fast time scale indeed. 

Figure 2 shows the pertinent nuclear data; the six 
heaviest stable nuclides are outlined in black on the 
Z, N diagram, and the shell numbers Z = 82 and N = 
126 are given special emphasis. Species showing a 
decay, dropping down two Z units and two N units, 
have black triangles in two corners; all half-lives (10) 
for a decay of less than 5 sec are enclosed in circles. 
The very short a@ half-lives are the consequence of 
the very high a-decay energies of all species with Z 
> 84 and N 2 128, since the protons and neutrons 
have very low binding energies just above the shell 
numbers 82 and 126. Neutron capture can take 
matter from the mass-number region below 210 to 
that above 224 only if neutron addition is on such a 
rapid time scale that the shell number N = 126 is 
crossed long before 8 decay raises Z to 84. Lack of 
information about the 6-decay properties of very neu- 
tron rich species of the elements in this region does not 
permit a sharp numerical estimate, but it is presumably 
shorter than the time scale of 8 min for Bi? and 3.0 
min for Po?", 
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Figure 2. The alpha-decay chute above Bi”, Stable nuclides are shown 
as black-edged squares with mass number. Half-lives (10) are shown for 
all identified unstable species: us = microseconds, ms = milliseconds, 
s = seconds, m, h, d, and y as in Figure 1. Alpha decay is designated by 
black triangles on the squares; half-lives below 5 sec are encircled. 
Ordinate: atomic number Z; abscissa: neutron number N. 


Detailed Nuclidic Abundances 


A more quantitative estimate of the time scale for 
neutron capture in the r process can be devised from 
the intercomparison of elementary abundances so that 
the relative abundances of various nuclides of different 
elements can be correlated. This involves estimating 
the relative amounts of the various elements in the 


sample of the universe we are considering, a tremen- 


dously complicated problem of sampling and chemical 


analysis. 

Suess and Urey (6) present such a compendium of 
analyses as so-called “cosmic abundances.”’ A great 
deal of data for light elements comes from spectros- 
copy of the sun and other stars. For the heavier 
elements, most of the data came from the analysis of 
meteorites, with suitable weighting of the types iron, 
sulfide, and stony, with subsidiary arguments to esti- 
mate the contribution of the volatile elements (groups 
VI, VII, and the noble gases). The data for elements 
of Z > 30 came mostly from the solar system, and this 
is an advantage in the present study, for presumably 
the history of nucleosynthesis we are tracing is valid for 
limited a sample. Some unusual stars are known to be 
rich in heavy elements (barium), and some stars show 
considerable technetium, which implies massive neu- 
tron capture within the half-life of the longest-lived 
isotope formed in the s process, 2.1 K 10*-yr Tc™. 

Since the publication of the Suess-Urey results (6), 
a large body of work has been done, and many revisions 
have been proposed; see for instance the paper of 
Ehmann in this set (11). These revisions do not change 
appreciably the arguments that follow, but they will 
be of importance in the evaluation of many related 
problems in nucleosynthesis. For orientation, we list in 
Table 1 the main features of the Suess-Urey abundances. 


Table |. Cosmic (Solar System) Abundances (6) 


‘Elements H He C, N, O, Ne 
Atom, % 93 7 0.1 
Weight, % 75 24 1.2 
Elements Si Fe Ga-Bi + Th, U 
Atom, % 0.0023 0.0014 7.5 X 107 
Weight, % 0.051 0.063 4.6 X 10-5 


The whole body of heavy elements, from gallium 
through uranium, amounts to a very tiny fraction of the 
cosmos or of the solar system, in which most of the 
matter is unburnt hydrogen. The earth as it accumu- 
lated from the protoplanetary nebula could not hold 
the light elements, except for oxygen combined with 
the metallic elements in the outer part, because of the 
volatility of Hs, He, CHy, CO, Ne, H:O, and Ne‘. 
The Suess-Urey abundances, which include corrections 
for loss of volatile elements from meteorites, give con- 
siderable detail over a long sequence of mass number. 
The data for the region 69 < A < 209 are particularly 
revealing for the astronuclear processes of transmuta- 
tion in a very neutron-rich system. 

Figure 3 gives the Suess-Urey data (6) for abundances 
of the odd-A nuclides from Ga® through Bi. The 
ordinate, on logarithmic scale, is abundance H (Hdu- 
figkeit) of the nuclides referred to 10° for natural sili- 
con; the abscissa is the mass number A. The abun- 
dance data for even-A nuclides give, in somewhat more 
complicated form, the same trends and location of 
peaks. This abundance curve is the first one to give 


4 The hydrogen we have in the oceans presumably came from 
HO liberated from minerals in the crust and mantle. 

5 The even-A abundances are higher than odd-A, and summa- 
tion must be made over stable isobars which occur for most A 
values. Little new astronuclear information is carried at the 
level of the present analysis. 
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good support to the principle of continuity of abun- 
dances, down to the individual mass numbers, which 
we take as an important principle. This principle is 
illustrated in the use of the relative abundances of the 
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Figure 3. Abundances of the elements, odd-A nuclides from 69-209. 
Abundance H (logarithmic scale) vs mass number (6), referred to 10° for 
silicon. Special emphasis for slope is given to data for elements with two 
stable odd-A isotopes. 


odd-A isotopes of those elements with two such isotopes 
to give the slope of the curve. These abundances are 
marked in Figure 3 as filled circles connected by a 
heavy line; they serve to give the local value of the slope 
of the abundance curve. Since isotope fractionation 
could hardly be appreciable in cosmic processes, these 
slope data are deemed more secure than corresponding 
data from the estimates of the relative abundances of 
different elements, which do fractionate extensively. 
Current researches on abundances of all the elements 
may make substantial change in detail (17), but except 
for the region of thallium, lead, and bismuth, they 
do not challenge the existence of the main structure. 
In particular, the peaks in the neighborhood of bro- 
mine, yttrium, xenon, lanthanum, and iridium-plati- 
num seem well supported. 


Abundance Peaks and Shell Numbers 


The capture of fast neutrons on a slow time scale 
(s process) would be expected to lead to an excess of 
abundance at the neutron shell numbers 50, 82, and 126 
because of the low cross-section for their destruction by 
the (n,y) process. The sharp peaks at Y® (N = 50) 
and La'®® (N = 82) are considered to mark such a 
process, reflected also in the high-abundance of the 
stable even-A species with a closed neutron shell. The 
areas under these peaks are small, however, compared 
to those under the three broader peaks. The broken 
line in Figure 3 gives a rough measure of background, 
reflecting yields in element synthesis for ordinary 
species. 

It is tempting to ascribe the peaks at bromine, xenon, 
and platinum to r-process pile-up, in fast neutron 
capture on a fast time scale, of primary ante- 
cedent species with N* = 50, 82, or 126 neutrons (6, 
12). This would be expected only if the blast of fast 
neutrons rather suddenly died out, leaving the cosmic 
material to undergo 6 decay to the valley of stability 
without further serious perturbation. 
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It is useful to define for each peak the number of 
decays A as the difference between the number of 
neutrons in the species of peak abundance and the shell 
numbers N* = 50, 82, or 126. For the bromine peak, 
the A value is about 5, the average of 6 for Br” and 4 
for Br*!, suggesting that these two species came from 
the initially favored closed-shell species Cu’? and Ga*!: 


68 

———> 33Br” (7a) 
48 

——> (7b) 


These species are even more neutron-rich than primary 
fission products, of average chain length for 8 decay 
of 3 (13). The 8-decay energies for species of A ~ 
5 in this mass region can be estimated from §-decay 
systematics (1) as about 9 Mev. This energy corre- 
sponds to a half-life of about 0.1 sec for the first step 
of equations (7a) and (7b). The half-lives of the subse- 
quent §-decay steps increase as the nuclear potential 
energy, due to neutron excess, falls. 

The A value for the xenon peak can be taken as about 


‘7, based on the 82-shell precursors Rh!”’, Ag!”, and 


In!*! for stable Xe!”*, and Xe!*!, which outline the 
top of the abundance peak to give A values 8, 7, and 
5, respectively. The corresponding §-decay energy of 
the typical first step is about 8 Mev. 

The A value for the N* = 126 peak topped by Pt}® is 
about 9.5 (10 for Ho'* giving rise to Ir'®*, 9 for Tm 
giving rise to Pt’). The decay energy of the typical 
first decay is about 11 Mev for the N* = 126 peak. 

The increase of A from 5 to 7 to 9.5 for the successive 
r process peaks N* = 50, 82, and 126 may be related to 
the fact that the valley of stability becomes broader 
as A increases (/). It is interesting that the energy of 
first decay, and thus the probable half-life for the decay, 
stays about constant. This suggests that the time of 
recurrence of fast neutron capture is about the same 
in each of these three regions, and thus, that there was 
no exhaustion of neutrons as matter in the iron region 
was built out to mass regions 80, 130, and 194. The 
r-process peak for N* = 50, plus the Y® s-process peak 
parasitic to it, stands out about a factor 4.5 above the 
presumed background (broken line). The peak for 
N* = 82 plus the La!® peak derived from it by s process 
and the N* = 126 peak also stand out by more than a 
factor 5 above the background abundances, where shell 
effects are presumed not to have occurred. 

The picture that emerges is that of element synthesis 
by neutron capture in a tremendous neutron blast. 
The blast led to steady-state build-up of heavy nuc- 
lides from primordial nuclides of A below 69. With the 
sudden cessation of the neutron blast, the steady-state 
stream of matter in synthesis, very neutron rich, trans- 
formed itself in a sequence of §-decay steps to the 
heavy elements we now know. The capture cross- 
sections for fast neutrons (5) increase exponentially 
with A upto A = 100. Thus ina stellar core, nuclides 
like Fe® have a greater capture probability than lighter 
ones, and nuclei built out to A = 100 and above have 
still greater capture probability. 

The question arises, how far can capture go? Figure 
2 suggests that the region of high a instability above 
Bi® is no barrier if neutrons add in repetition times of 
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0.1-1 sec. Eventually fission will intervene, trans- 
forming heavy nuclei into two fragments of near half 
the mass numbers. But neutron fission of very heavy 
nuclides that are very neutron rich may not occur until 
8 decay brings the charges up to values well above 92. 
After the cessation of the neutron blast, 8 decay will 
take nuclides of A >256 to the valley of @ stability, 
where spontaneous fission will destroy the species. 
The abundance curve shows no hump that may easily 
be correlated with fission (12). This may be the result 
of averaging out of the many kinds of fission that may 
occur, with recycling of the fast-neutron fission products. 

The residue of the steady-state stream that extended 
above A = 209 to the region of A = 256, would, after 
8 decay had taken it to the valley of 8 stability, undergo 
further a decay. Long half-lives for a decay would 
hold up much of the matter at Th?*?, U2, and U?%, 
All of the chain of mass number 4n + 1 would have 
decayed to Bi®®, as no member exists of half-life com- 
parable with the age of the elements. All members of 
the other chains 4n, 4n + 2, and 4n + 3 below Th?*, 
U2, and U?*5 would have decayed to the stable species 
Pb™8, Pb, and Problems exist (1/1) about 
the lead-bismuth abundances compared to expectations 
for heavy element yieids. 

Proton shell numbers Z* = 50 and 82 would not 
be expected to be marked noticeably in the abundance 
curve. When @ decay occurs in the steady-state stream 
changing say to §°Sn!%, the neutron-capture 
cross section is expected to fall, along with the 6-decay 
energy, because of the closed proton shell. However, 
the next 6-decay step changes the nuclide to §*Sb!*, and 
the proton shell does not occur again. By contrast, 
on capture of a neutron to give a closed-shell species, 
say °>Mo!, the next @-decay step changes the species 
to *’Te!*4, which again captures a neutron to give the 
closed-shell species §;Tc!*. This process will occur 
again and again, with lengthening @ half-life, until some 
member such as sSn'*? captures a neutron before 8 
decay, and the chain of neutron addition speeds on 
to the next shell. 


The original interpretation of the fall in neutron 
capture cross section at closed neutron shells (12) has 
been explored in great detail by Fong (14). His 
treatment involved making a hydrodynamic model of 
the flow on a Z, N plot, with 6 decay in competition 
with neutron capture. Fong assumed a 50-fold fall 
in cross section for nuclides with N* = 50, 82, or 126. 
His second parameter is the mean lifetime for neutron 
capture of non-shell species. The value of 0.1 sec 
gave good fit to the shapes of the abundance peaks for 
the r-process. This answer is in accord with the times 
estimated for 8 decay of species displaced from the 
valley of stability by the A values derived above, since 
B decay of these species is in steady-state competition 
with the neutron capture process forming them. 

An alternative explanation, which is probably more 
realistic, was proposed by the Burbidges, Fowler, and 
Hoyle (7) and independently by Cameron (8, 74). 
This assumes that neutron capture occurs readily in 
the process stream until neutron binding energies 
B" fall below about 2 Mev, where photo-neutron emis- 
sion takes place at the same rate as neutron capture. 
When a species reaches this point in the Z, N diagram, 
it must wait until @ decay takes place, raising Z and 
thus B". Further neutron capture takes place rapidly 
until the next halt-place occurs. The shell numbers 50, 
82, and 126 are well-defined halt points for a number of 
Z values. The steady-state abundances are relatively 
high at these halt points. Sudden disappearance of the 
neutron flux lets this abundance peak be transferred 
to the same A values in the valley of @ stability. 

Both explanations provide mechanisms adequate to 
predict the r-process peaks and their shapes. Interpre- 
tation of the regions between the shell peaks will 
depend on greater knowledge of the dynamic properties 
and neutron binding of very neutron-rich species, 5 to 
10 8 decays from stability. 

Figure 4 illustrates the path of nucleosynthesis if 
binding energies set it, using three different sets of 
estimates for B" of neutron-rich nuclei, those of the 
Fowler group (7), Cameron (16), and Levy (17). The 


Figure 4. The path of nucleosynthesis in 
neutron capture on a fast time scale. Pos- 
tulated is the prompt addition of neutrons 
until the binding energy B” falls to 2.0 Mev 
(7, 15), with halt for 8 decay. The three 
capture paths show differences in predictions 
of B*; 196), « . 
After cutoff of neutrons, species in process 
stream undergo 6 decay at 135° angle to 
the valley of stability (7). Ordinate: atomic 
number Z; abscissa: neutron number N. 
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heavy tilted lines show the course of the bottom of the 
valley of stability (1); all 6-stable odd-A nuclides lie 
within +0.5 Z units of the line corresponding to their 
Z and N shell classes. The various zig-zag lines show 
the contours for B" = 2.0 Mev. All three B” estimates 
show substantial halt at the abscissas N* = 50, 82, 
and 126. The three sets differ greatly in the interme- 
diate regions, as much as 10 N (or A) units, in the 
composition for B" = 2.0. It is possible that increased 
reliability in abundances will give information about 
neutron binding of very neutron-rich nuclei. 


Conclusion 


As shown in Figure 1, isotope abundances of the 
heavy elements gave indication long ago for neutron 
capture on a fast time scale in nucleosynthesis. Before 
nuclear astrophysics provided mechanisms for neutron 
production in stars, Gamow, Alpher, and Herman 
(18, 19) suggested that all matter started at time zero 
as a dense neutron fluid, whose expansion and 6 decay of 
neutrons to protons led to the creation of all elements 
by neutron capture while the universe and galaxy were 
being made. This dramatic hypothesis has serious 
internal difficulties and is now not deemed necessary 
nor, in the light of greater knowledge, desirable. 

The chemical evidence from detailed abundances 
(6-8, 15) indicates that a large fraction of the synthe- 
sis of elements above the iron region was by fast 
neutron capture on a very fast time scale, with sudden 
cut off of neutrons (r-process). Subsidiary processes 
(p process, s process, fission, and a decay) gave the 
neutron-poor species and made modifications of the 
abundances of other species. Supernova explosions 
give an attractive mechanism for the r-process (7, 8). 

Our sun cannot make heavy elements, or even the 
medium weight elements carbon through iron-nickel 
known to be present (6-8). Thus it is argued that the 
supernova cycle preceded the aggregation of the matter 
in our solar system (7, 8, 20). From present knowledge 
of astrophysics, the universe is old enough and has 
had enough mixing, that the heavy elements of the 
solar system may have come from many supernovas, 
and indeed, all of the elements around us may have 
gone through many stellar cycles. 

An interesting situation now exists, where analytical 
chemistry, especially in meteorites, and nuclear chemis- 
try both have a strong bearing on astrophysics and 
cosmology. It is the author’s sincere hope that the new 
alliance (cosmochemistry) will bring new perceptions for 
the chemistry of Creation (27/). 
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The simple question ‘‘How old are the 
elements?”’, often asked (and frequently answered!) in 
the past, must on the basis of present knowledge be 
replaced by a more meaningful one, ‘“‘When were the 
elements of the solar system synthesized?” It is now 
evident that the shuffling of nucleons to form the nuclei 
of the elements as they now exist must have been a com- 
plicated process involving a variety of mechanisms 
operating at several or many different times, and that a 
particular sample of matter may have had an entirely 
different history than a sample in another part of the 
universe. We limit our inquiry for the present, ac- 
cordingly, to the ‘‘local’” sample of elements, about 
which we have by far the most information, and in 
which we have the greatest personal interest. At the 
same time we broaden the question to concern the 
entire span of time within which nucleosynthesis of 
“our” elements occurred, as well as to include some- 
thing about the time dependence of the synthesis within 
that span. 


General Ideas on the Time of Nucleosynthesis 


Until recently it was supposed that all of the ele- 
ments were created much in their present form in one 
violent event, referred to as ‘“‘nucleogenesis,” which 
may have been intimately connected with the initial 
stage of the expanding universe (1, 2). According to 
this idea all of the atoms would have the same definite 
“age,”” which might be determined either from the 
mutual recession time of the extragalactic nebulae or 
from the residual content of long-lived natural radio- 
nuclides; the lower limits of this ‘‘age’’ would be given 
by the ages of any bodies or substances in the universe. 
Serious difficulties with the development of this idea 
and recent developments in astrophysics have subse- 
quently led to general acceptance of the alternate idea 
that “nucleosynthesis,” or the building up of the 
heavier atomic nuclei from light particles, proceeds 
mainly in stellar interiors with redistribution of the 
matter mainly through supernova explosions (3-7). 
This idea is compatible both with a single nucleogenic 
event coincident with “cosmogenesis” and with ‘“con- 
tinuous creation”’ of matter in a steady-state expanding 
universe. Nucleosynthesis thus follows but is not 
directly connected with “nucleogenesis,” the initial 
creation of the elementary particles and hence of matter 
itself. 
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Chronology of Nucleosynthesis and 
Extinct Natural Radioactivity 


Among the hundreds of nuclides composing ‘‘our” 
matter, those which are most useful for giving informa- 
tion about the time of its formation are those which are 
radioactive with half-lives sufficiently short for ap- 
preciable decay to have occurred during or subsequent 
to the formation period. Of the score of “primary” 
natural radionuclides, only four, U** [half-life (7.0 
+ 0.1) X 10° yj, K® [(1.27 + 0.01) X 10° y], U** 
[(4.51 + 0.01) X 10° y], and Th?*? [(1.42 + 0.02) X 
10” y], are sufficiently short-lived. For all others, 
which have half-lives greater than 2 X 10" years, de- 
pletion by spontaneous decay has been relatively un- 
important. 

For quantitative conclusions, it is necessary to have 
information about the mechanism of formation of the 
nuclides. Until recently it has also been supposed that 
the initial relative abundances of the uranium isotopes 
would follow the same regularities observed among the 
stable elements, with the odd-A U?* being produced in 
smaller quantities than its even-A isotope U?*. This 
assumption and the present value of the U?*/U?* 
ratio [(137.8 + 0.2)-! = 0.00726 + 0.00001] then 
set an upper limit on the “age of the elements’’ of 
~6 4 (4 = aeon = 10° years) (8). A similar limit, 
<10 &, results from the reasonable assumption that the 
initial isotopic abundance of the odd-odd nuclide K® 
was <2.5% of all potassium isotopes (9). More so- 
phisticated heavy-element abundance systematics, 
but retention of the single-age idea, gave for this 
6.25 + 0.54 (10). These values or limits are definitely 
higher than the values ~4.5 4 given by seyeral radio- 
active dating methods for the ‘‘age of the meteorites,” 
a concept which also requires more precise formulation, 
but which is probably not much less than the “age of 
the solar system,’’ of which system the meteorites are, 
and probably always have been, a part (//). 

More precise dating of element formation could be 
obtained from information about the decay of shorter- 
lived radionuclides, the primordial supply of which 
would now be completely extinct, but whose products 
might be found in the oldest bodies available for isotopic 
analysis, the meteorites (12). The amount of radiogenic 
decay product would allow an estimation of the interval 
between nucleosynthesis and the governing chemical 
fractionation in the formation of the meteorite. Ad- 
dition of this interval to the “age of the meteorite” 
would give the “age of the elements.”’ All searches 
for such cases, most significantly for radiogenic Xe!” 
from the now-extinct I’, were until very recently 
unsuccessful (13, 14); the interval in question was con- 
cluded to be >0.4 4. Since the difference between the 
“age of the solar system” and the “age of the elements”’ 
appeared to be at least 1 4, it appeared increasingly 


Volume 38, Number 2, February 1961 / 73 


* | 
| 
' 
1 
' 
’ 
| 
' 
i 
' 
' 
\ 
' 
' 
\ 
i 
' 
| 


unlikely that any case of “extinct natural radioactivity” 
would be found (74). 

According to the view that the nuclei heavier than 
helium have been synthesized in stars and ejected into 
interstellar space, nucleosynthesis has been occurring 
in our galaxy continuously throughout most of its 
lifetime, even down to the present time. The synthe- 
sis of the elements of the solar system, however, pre- 
sumably ceased as its matter condensed into a volume 
of space too small for sweeping up appreciable amounts 
of interstellar gas and dust. B,FH [Burbidge, Bur- 
bidge, Fowler, and Hoyle (3) | described eight different 
processes by which complex nuclei seem to be synthe- 
sized in stars from primeval hydrogen. Of particular 
interest for the time scale is the “r-process,’”’ or rapid 
build-up of nuclei by neutron capture in exploding 
supernovae; this is the only process by which the 
heaviest nuclides (including the above mentioned 
U2, U8 and Th?8?) can be produced, and for it 
relative production rates can be calculated with some 
feeling of confidence (3, 16). 

B.FH (3) suggested as an approximation a model in 
which the heavy nuclei were produced at constant rates 
with uniform mixing for a definite period of time. In 
a more recent paper, Fowler and Hoyle (16) have gen- 
eralized this model to include variation in the produc- 
tion rates, which have most likely been decreasing 
steadily as more and more matter of the galaxy is 
tied in non-exploding stars. For simplicity they as- 
sumed an exponentially decaying rate of “stellar ac- 
tivity” responsible for nucleosynthesis. They also 
pointed out that the r-process would not start immedi- 
ately with the formation of stars, but would be delayed 
by the time required for the Type I supernova stars, 
in which the r-process chiefly occurs, to evolve to the 
exploding stage. ; 

Figure 1 shows schematically the course of events 
during and subsequent ‘to the synthesis of our 
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Figure 1. Schematic course of heavy-element nucleosynthesis in the 


galaxy, showing the time dependence of r-process nucleosynthesis and of 
the amounts of various kinds of r-process nuclides. 


elements. The present time is represented by ¢ = 0, and 
other specific times are indicated by small Latin let- 
ters: g = origin of galaxy (nucleogenesis?); ~ = be- 
ginning of formation of r-process nuclides; s = termina- 
tion of nucleosynthesis for elements of the solar sys- 
tem (origin of solar system?). Specific intervals are 
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represented by capital Greek letters: E = f — g = 
average time for evolution of supernova stars; A = 
s — f = duration of nucleosynthesis for heavy elements 
of the solar system; 2 = 0 — s = evolution of solar 
system without further nucleosynthesis. The dotted 
line: shows the time dependence of supernova explo- 
sions and hence of r-process nucleosynthesis. The 
dashed line shows a simplified representation of this in 
which the rate is assumed to decay exponentially since 
the mean time of beginning with the decay constant 
Ax. It is assumed that the production rate, p, of 
any particular nuclide is always proportional to the 
general rate of nucleosynthesis after time f. The 
solid curves show the time dependence of a stable nu- 
clide, a long-lived nuclide (such as U?*) and a moder- 
ately short-lived nuclide (such as U?*) which are pro- 
duced only by r-processes. 

Our problem, mathematically stated, is the evaluation 
of the three quantities 2, Aand Ax. This requires, in a 
general way, three pieces of information. 


Termination Date of Nucleosynthesis 


According to the method proposed by Brown (12) 
the time subsequent to nucleosynthesis, 2, could be 
obtained as a sum of two intervals, M = age of mete- 
orites, and = = decay interval for an extinct natural 
radionuclide, provided a case of extinct natural radio- 
activity could be found. 


Decay Interval for Extinct |'*° 


Very recently the first positive observation of ex- 
tinct natural radioactivity has been made. Rey- 
nolds (17) has detected an excess of Xe!” in the minute 
trace of xenon present in the chondrite meteorite 
Richardton, and has attributed it to the presence of a 
trace of I!” remaining at the time the bulk of the pri- 
mordial xenon was lost from the parent body of the 
meteorite and it became able to retain radiogenic xenon. 
The observation has been confirmed in other labora- 
tories (18, 19), and radiogenic Xe!” has been found in 
other meteorites (20-23). 

Using the single-nucleogenesis hypothesis and mak- 
ing reasonable assumptions about the original amount 
of I”, Reynolds (1/7) calculated a time of 0.35 + 0.06 
G for the decay of I’. However, if nucleosynthesis 
is a process of extended duration, the time calculated 
by Reynolds is an upper limit for the interval between 
the termination of the nucleosynthesis for the elements 
of the meteorite and the beginning of its retention of the 
noble gas xenon (24). Fowler and Hoyle (16) state 
that Reynolds’ results imply that this interval is 
2 X 10° years, which yields a reasonable time, 
~10" years, for the duration of nucleosynthesis at a 
uniform rate (24). 

Since the amount of I!” present after nucleosynthesis 
depends critically on the interval (=) between the 
termination of its production (¢ = s) and the beginning 
of the retention of its daughter (¢ = s + E = 2), 
but is much less sensitive to the duration of nucleo- 
synthesis (A), it is more reasonable to assume the lat- 
ter and to calculate the former. If we let ps and p; be 
the production rates of I’ and I'”, N, and N; be their 
numbers of atoms, Ny be the number of radiogenic 
Xe!” atoms produced subsequently to t = x, and dg 
be the disintegration constant of I! [ = In 2/(1.64 + 
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} | 
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tf, 
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0.1) X 10’ y], then 


N: t=2 Ao (1) 


This allows = to be calculated as a function of the 
experimental quantity (Nx/N7) =o and assumed values 
of ps/pz, \x, and A. 

Reynolds (17) determined that Richardton con- 
tained a radiogenic content of 1.3 cm? 
g-! and assumed an I!” content of 1 ppm, which 
gives (Nx/Nz):=0 = 7.4 X 10-7. Adopting his as- 
sumption p»/p; = 1, equation (1) yields for any rea- 
sonable combination of A in the range 2-10 # and 
A» in the range 0-0.3 #-' a value of = not far from 
0.20 @, instead of the value calculated by Reynolds for 
the case A = 0 [Ax = ©]. Goles and Anders (25) 
have subsequently measured the iodine content of 
Richardton by neutron activation analysis, obtaining 
47 + 14ppbasan average. This leads to (Nx/N7z): =0 
= 16 and = =~ 0.12 4. Reynolds (21) has 
developed a clever method of measuring (Nx/N7);=0 
directly, obtaining ~1.0 X 10~ for Richardton and es- 
sentially the same value for Z. Quite similar values 
of = have subsequently been obtained for two other 
meteorites (Murray, Indarch) in which Reynolds 
(20, 21) has found even larger contents of radiogenic 
Xe!** and Goles and Anders (25) have determined the 
correspondingly higher iodine contents. On the other 
hand, the meteorites containing no detectable radio- 
genic Xe!*® have values of Z > 0.2 4 (25). We may 
thus take Z = 0.2 + 0.1 4 as the best present estimate 
of the average value for meteorites. - 


Age of Meteorites 


Radioactive age determinations date chemical sepa- 
rations or fractionations of the parent and daughter 
elements, and for different pairs of genetically related 
elements the effective or last time of separation may not 
be the same. For the xenon-iodine separation, the ef- 
fective time is that at which the solid matter had cooled 
sufficiently to retain xenon. The effective fractionation 
of non-volatile elements could have occurred at higher 
temperatures and hence somewhat earlier. Thus, the 
“age” of the meteorites given by the uranium, tho- 
rium-lead, and rubidium-strontium dating methods 
as 4.6 + 0.1 4 (26-29) is an upper limit to the time 
(M) we are seeking here. 

The potassium-argon ages of meteorites are almost 
always somewhat lower, ranging for chondrites from 
~2 to ~4.3 4, as a result of argon losses. Goles, 
et al. (30) have given a detailed discussion of losses of 
argon from stone meteorites by diffusion, concluding 
that probably in all cases some argon losses have been 
occurring continuously. Thus the apparent argon 
ages must be corrected upward to give the actual time, 
since most of the argon was retained. In the case of 
Richardton, apparent K-Ar dates of 4.2 + 0.1 4 
(31) and 4.4 + 0.2 #4 (20) have been obtained, and 
even these dates must be regarded as lower limits on M. 

Considering both of these limits, we may tentatively 
take M = 4.5 + 0.1 # as the time since Xe'*® reten- 
tion. 

Simple addition gives > = Z+M = 4.7 + 0.2 # 
for the time since the last nucleosynthesis of the 
elements of the solar system. The same figure was 


adopted by Fowler and Hoyle (/6) on similar and other 
grounds. This is the first of the three quantities to be 
evaluated. 


Duration of Nucleosynthesis 


Because of the long spans of time involved, only com- 
paratively long-lived radionuclides can be of use in 
calculating the other two quantities, A and Ax. For- 
tunately, from the cosmic abundances of the heavy r- 
process nuclides U?*, and Th?*?, two independent 
ratios can be obtained, providing for the evaluation of 
two additional parameters. 


Calculations of Fowler and Hoyle 


BeFH (3) calculated the relative production rates 
of U2, U2, Th?*?, and other heavy nuclides in super- 
novae in the r-process. They also showed that if these 
rates were constant during nucleosynthesis, (A, = 0), 
it was possible to calculate the duration of nucleosyn- 
thesis from the present U2*/U2* ratio provided the 
time of the beginning or of the end were known. That 
was not the case in 1957. A similar situation pre- 
vaiied for the U2*-Th?*? pair, but in 1957 the Th?*?/U?* 
ratio was not well enough known. 

In their recent paper, Fowler and Hoyle (16) have 
re-estimated the relative production rates of these three 
nuclides, obtaining p(U**)/p(U2*) = 1.65 + 0.15 
and p (Th***)/p(U2*) = 1.65 + 0.15. They have also 
pointed out that nucleosynthesis has probably not been 
constant, so that even if one end of the nucleosynthesis 
period is known independently, the duration cannot 
be determined uniquely from the present U?*/U?% 
ratio without knowing the time dependence of nucleo- 
synthesis. However, the two present-day ratios U?*/ 
U2* and together with the independently 
fixed termination date will allow simultaneous de- 
termination of the starting date and a parameter char- 
acterizing the time-dependence of the production 
rates. 

Considering various data, but principally the Th/U 
ratio in chondrites, Fowler and Hoyle selected 3.80 + 
0.3 as the best value of Th**?/U2* today. Using this, 
U2%/U23 = 0.00723 today, and 4.7 # for the age of 
the solar system, they derived 11.6 4 for the time since 
the beginning of nucleosynthesis and a rate of expo- 
nential decay of stellar activity such as to yield a pres- 
ent-day galactic nucleosynthesis rate 26% of that 15 
4 ago. The latter figure is the corresponding age of 
the galaxy, considering an induction period of E = 
3.3 + 0.5 & in the r-process, this being the mean lifetime 
of Type I supernova stars before eruption. In our 
symbolism, their solution implies \* = 0.090 4—'. 

Fowler and Hoyle indicated that the time of begin- 
ning of nucleosynthesis, and hence the age of the 
galaxy, on this model is uncertain by several aeons, 
being rather sensitive to the values of Th?**/U** and 
the production rate ratios used. However, the general 
indication that the age of the galaxy is much greater 
than that of the sun and its family is in line with other 
astronomical evidence. Some stars seem to have re- 
quired 10 4 or more to have developed to their present 
status (32-35). The expansion-time of the universe, 
2/3 of the reciprocal of the Hubble constant for nebular 
recession, has been estimated by Sandage as probably 
lying in the range 7 to 13 4 (36). 
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Fowler and Hoyle also considered in their paper (/6) 
a radically different production model for the source of 
our elements, according *. which there is a substantial 
interchange of matter between nebulae through inter- 
galactic space. This does not yield a definite time for 
the beginning of nucleosynthesis or the age of our 
galaxy, but yields instead an independent value of the 
Hubble constant, whose reciprocal turned out to be 
~11 4, again subject to uncertainty of several aeons 
because of uncertainties in the data, but agreeing in 
order of magnitude with that derived from nebular 
recession. A choice between the two models did not 
seem to be possible, but Fowler and Hoyle pointed out 
that the latter model avoids a serious quantitative dis- 
crepancy of the more conventional model in the cosmic 
abundances in the heavy r-process nuclides. 


Calculations of the Present Author 


Following the first announcement of Reynolds’ 
finding of radiogenic Xe!”, the present writer under- 
took calculations on the chronology of nucleosynthesis, 
with results similar to those of Fowler and Hoyle. 
These calculations, the details of which will be published 
elsewhere (37) have been carried out in such a way as to 
permit the ready evaluation of the effects of different 
choices of the input data (N5/Ns)o, (N2/Ns)o, ps/ ps, p2/ ps, 
and = on the output values A and Ax. Here Nz, Ns, 
and N, refer to the relative atomic abundances of U?*, 
U*%, and Th?*?; 5, ps, and p» refer to their relative pro- 
duction rates in supernovae; also, As, As, and 2 will 
refer to their radioactive decay constants. 

Solution of the differential equation 

dN; 


= pin e—ru(t—f) — (2) 


leads to expressions for the atomic ratios N;/Ns 
and N2/Ns as functions of 2, A, and Ax. Figure 2 
shows a typical plot of the results, in this case for \* = 
. 0 and the Fowler-Hoyle values of p;/ps and p2/ps given 
above. The heavy dashed line shows how the ratios 


10 
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Figure 2. Variation of relative quantities of U?%5, U238, and Th?*? during 
and subsequent to nucleosynthesis, as functions of A (duration) and = 
(subsequent time), with constant rates of nucleosynthesis (Ax = 0). 
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N;/Nzs and N2/N¢ will vary together, in the galaxy as 
a whole along the top curve (2 = 0), and locally along 
a diagonal corresponding to a given value of A after 
removal from the mixing region, terminating at a 
point corresponding to the appropriate value of 2. 
From the present ratios (N5/Ns)o and (N2/Ns)o, one 
could read off A and & by interpolation. This could 
be repeated for different values of \* until the proper 
value of = was obtained, the corresponding values of 
A and Ax being the proper ones. 

Since estimates of p;/ps and p2/ps are subject to 
variation, it is better to use a plot of 


(Ns/Ns)o (N2/Ns)o 
ps/ ps p2/ ps 
Moreover, we are only interested in the region of the 
plot containing the likely values of these ratios. Figure 
3 shows such a ‘‘magnified’”’ plot, in this example for 
the case \*x = 0.1 #-'. For a selected pair of ordinate 


| T T 
0.10 


003}— 

20 21 22 23 24 25 
(N2 /Nelo 
Figure 3. Variation of U2*5, U238, and Th?22 abund ratios relative to 


production-rate ratios for various combinations of A (duration of nucleo- 
synthesis) and = (subsequent time), with moderately decreasing rates of 
nucleosynthesis (Ax = 0.10 


and abscissa values, the corresponding values of A 
and = for the given value of \* can be read off. This 
is done for several values of \*, and a plot of 2 versus 
Ax ismade. Since 2 is known, Ax is thereby determined. 
From a corresponding plot of A versus Ax, A is similarly 
determined from the now-known value of \«. 

Outside of the production rate ratios, the least certain 
datum is (N2/Ns)o. Fortunately, a survey of the 
Th/U ratio in stone meteorites has recently been 
made by K6nig and Wianke (38), based in part on their 
own new uranium analyses. Five chondrites have been 
analyzed both for thorium and for uranium by neutron 
activation analysis, the ratio being considerably more 
constant than the individual element concentrations. 
The five values (3.02, 3.12, 3.66, 3.76, and 4.22) average 
3.56 + 0.22. Dividing this by U2*%/U = 0.99274, 
and multiplying by the ratio of atomic weights of 
uranium to thorium, yields (N2/N¢)o = 3.68 + 0.22. 

Because of the uncertainty in ps5/ps, p2/ps, and (N2/ 
Ns)o, and in order to show the sensitivity to the exact 
values used, four solutions have been obtained, corre- 
sponding to two different values each of (N2/Ns)o and of 
ps/ ps. Table 1 lists the input and output values. Case 
A corresponds to that used by Fowler and Hoyle [the 
result for \* differs from theirs (0.09 AE—'), possibly 
due to their use of different 5, Ax, and (Ns/Ns)o]. 
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Table 1. Derived values of \x and A 


Input values Output values 


Case ps/ps p2/ps  (Ns/Ns)o (N2/Ns)o 


A 1.65 1.65 0.00726 3.80 4.70 0.015 7.2 
B 1.65 1.65 0.00726 3.68 4.70 0.085 6.0 
Cc 1.80 1.65 0.00726 3.80 4.70 0.095, 6.6 
D 1.80 1.65 0.00726 3.68 4.70 0.19 5.4 


Case B uses the value of (N2/Ns)o derived from the 
latest analyses of chondrites. The values of Ax in 
Cases A and B correspond respectively to stellar ac- 
tivity survival factors in time T = E + A + & (with 
E = 3.3 #4) of 0.80 and 0.30 (Fowler and Hoyle ob- 
tained 0.26 for the first case). Cases C and D differ 
from A and B only in the use of a value of one of the 
production rate ratios differing from its ‘‘best’’ value 
by one standard deviation. The corresponding sur- 
vival factors are 0.25 and 0.08, respectively. 

It is evident that both \* and A are quite sensitive 
to each of the quantities p;/ps, p2/ps, and (N2/Ns)o. 
For the present, it can be concluded that the data are 
consistent with a “‘long’”’ time scale for nucleosynthe- 
sis, ending 4.7 4 ago and starting several aeons pre- 
viously, and inconsistent with a ‘“‘sudden’”’ nucleogene- 
sis-nucleosynthesis. The data are insufficiently pre- 
cise to decide conclusively whether dx differs from zero, 
but they are consistent with a moderate finite value. 
Since Case B probably represents the best present 
set of input values, the best present estimate of Ax 
is ~0.1 #—' and of Ais ~6 #. . 


Radiogenic Heat Subsequent to Nucleosynthesis 


From the known present abundances of the primary 
natural radionuclides it is possible to calculate their 
abundances at any time in the past, and consequently 
the total rate of generation of radiogenic heat. Where- 
as in the earth at the present time the heat contributions 
of the U2* and Th?* families and K“ are of comparable 
magnitude, K“ has played a dominant role throughout 
past geologic history. If the average concentrations 
of potassium, uranium, and thorium in chondrites are 
representative of the solar system, K“ has been domi- 
nant, and the heat production rate from all known 
radioactive sources was about 10 times as great 4.7 
JE ago as it is now. The question has frequently been 
raised as to whether one or more now-extinct nuclides 
have been important early in the history of the solar 
system. Urey (39) in particular suggested that the 
present characteristics of the meteorites and planets re- 
quired such a source of supplementary heat. This, how- 
ever, was regarded (15) as quite unlikely on the basis of 
single-event nucleogenesis, because of the relatively long 
time between such an event and the condensations to 
form the minor bodies of the solar system. 

Very recently Fish, et al. (40) have again concluded 
from observations on the physical and chemical char- 
acteristics of meteorites that rather intense heating of 
their parent bodies must have taken place during their 
development. The heat supply must have been many 
times that of K“ plus all other known sources, and they 
deduced that now-extinct radioactivity must have been 
responsible. They assumed a single nucleosynthetic 
event and an almost immediate formation of the me- 
teorite parent bodies. If the intervening interval 


were as short as ~5 M y, Al” and Fe® could have sup- 
plied the necessary heat. If some unknown nuclide 
had suitable characteristics, the interval could have 
been considerably longer. 

The presence of now-extinct radioactive heaters in 
the parent bodies of the meteorites is much more 
reasonable on the basis of long-term nucleosynthesis 
than on the basis of a single nucleosynthetic event. 
However, the relative quantity of a short-lived nuclide 
at the termination of a long steady nucleosynthesis 
is very much less than that present immediately after 
a very short nucleosynthetic event. Accordingly it is 
doubtful whether even on this model any now-extinct 
nuclide could have produced very great amounts of 
heat except for a trivially short period after the termi- 
nation of its synthesis. 


Continuous Nucleosynthesis 


Having a fairly definite time for the cessation of 
nucleosynthesis and an approximate knowledge of its 
duration, it is possible to estimate the amounts of all 
radionuclides present at all times following the cessa- 
tion. Calculations were actually made for the pa- 
rameters 2 = 4.70 4, \*x = 0, and A = 7.3 #, but the 
results are relatively insensitive to the latter two pa- 
rameters. The details will be given elsewhere (37). 

‘Estimations of the relative production rates of both 
stable and radionuclides are necessary. For stable 
nuclides, the present cosmic abundances as given by 
Suess and Urey (4/), which for non-volatile elements 
are derived mainly from analyses of chondrites [see 
also Ehmann (42)], were used. For primary natural 
radionuclides, the present weight fractions in chon- 
drites were corrected for radioactive decay both subse- 
quent to and during the production period. For 
extinct radionuclides with Z < 83, the production 
rates were estimated from the cosmic abundances of 
near-by stable nuclides, considering patterns of iso- 
topic abundances, probable production mechanisms, 
and in each case the present abundance of the stable 
product, which must not be exceeded. For heavy r- 
process nuclides, the relative production rates given 
by BFH (3) were used, combining with each long- 
lived nuclide all shorter-lived antecedents, making 
certain corrections and suitable normalizations. 

All known radionuclides with half-lives from 10° y 
to 10'! y were considered. For each, the energy of 
disintegration, including that of all shorter-lived de- 
scendants but excluding neutrinos, was calculated. 

The relative numbers of atoms present at the end of 
nucleosynthesis (¢ = s) were then calculated, and for 
the radionuclides the initial specific heat production 
rates in chondritic matter were computed. These 
values were then computed for subsequent times by 
simple decay corrections. Addition of the contributions 
of all nuclides at a given time gave the total heat genera- 
tion at that time. 

Figure 4 is a plot of the various contributions to 
radiogenic heat for the entire lifetime of the solar 
system. Figure 5 is a plot for the first 35 million years 
after the cessation of continuous nucleosynthesis. 
It is seen from the figures that, except for very short- 
lived nuclides not considered (H <10° y), only Al’ 
and Fe® (with its Co®™ and Co®*® daughters) exceed 
K* in heat production. The total contribution from 
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Figure 4. Contributions to radiogenic heat in chondrite-like matter of 
various nuclides with half-lives 2107 years, with totals from now-extant, 
now-extinct, and all nuclides, at times from the cessation of continuous 


’ nucleosynthesis until the present. 


now-extinct heaters falls to equality with the total from 
the now-extant heaters at 6 M y and is relatively unim- 
portant after 10 My = 0.01 4. 

According to Fish, et al. (40), the meteorite parent 
bodies must have been heated to ~2000 or 3000°K. 
With a heat capacity of ~0.2 cal deg—! g—! and a heat 
of fusion of ~100 cal g—', an integral heat generation 
of at least ~1000 cal g~-! would be required in a time 
short enough to avoid much loss from moderately 
small bodies. A specific heat production of ~10-8 
cal g~! y~! acting for ~1 My or the equivalent would 
be needed. It is evident that no such possibility exists 
on the model of steady production terminating before 
the condensation of bodies in the solar system. Al- 
though a hypothetical nuclide with half-life ~10° y 
and large production rate and disintegration energy 
could modify this conclusion, it is very unlikely that 
such a now-unknown nuclide exists. Moreover, such 
a long-lived heat source would be incompatible with the 
observed retention of Xe!” in meteorites. 


Single-Event Nucleosynthesis 


The relative numbers of atoms of radionuclides and 
their heat production rates were also calculated for the 
case of a single nucleogenetic-nucleosynthetic event, as 
considered by Fish, et al. (40). The relative numbers of 
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Figure 5. Contributions to radiogenic heat in chondrite-like matter of 
various nuclides with half-lives 210° years, with totals for now-extant, 
now-extinct, and all nuclides, at times up to 35 million years after the 
cessation of continuous nucleosynthesis. 


atoms were taken to be directly proportional to the 
above-derived production rates, even though there 
would certainly be differences in such a case. The 
present abundances of the primary natural radio- 
nuclides were extrapolated back to 6.5 Ai ago as re- 
quired by the present U?**/U?* abundance and produc- 
tion-rate ratios. The results are shown in Figure 6, 
which is similar to Figure 5 of Fish, et al. 

The heat produced by now-extinct nuclides on this 
model exceeds that by now-extant nuclides for a longer 
time, ~65 My. However, with such a source of our 
elements, a considerably longer time would undoubtedly 
be required for condensation. Furthermore, the 
event would have to have occurred close to 6.5 4 ago, 
long before the heat is needed, ~4.7 4 ago. 


‘‘Mixed”’ Nucleosynthesis 


Is it possible to construct a model of nucleosynthesis 
which would account for both the relatively intense 
but short-lived heat source indicated by the meteorites 
and the long production period required by the relative 
abundances of U**, U?%, and Th??? Suppose the 
bulk of our elements were produced by a more-or-less 
steady-state process of several aeons duration ending 
~4.7 4 ago, and at that time a small fraction, ¢, 
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Figure 6. Contributions to radiogenic heat in chondrite-like matter of 
various nuclides with half-lives 2 10° years, with totals for now-extant, now- 
extinct, and all nuclides, at times up to 35 million years after a single nucleo 
synthetic event occurring 6.5 AE ago. 


of matter from a single supernova was added, just be- 
fore or actually during the condensation of the proto- 
bodies of the solar system. 

The heat generation curve for such a case can be 
calculated by adding the curves for the two separate 
models (Figs. 5 and 6) with appropriate weighting 
factors: (1 — ¢) for the continuous-production curve 
and ¢ for the single-event curve. For the latter case, 
the now-extant nuclides must be adjusted from 6.5 to 
4.7 # before the present (implying a A varying some- 
what with ¢ when the latter is large). Figure 7 shows 
the results of such calculations for various values of 
gy. If there were a period of inactivity preceding the 
terminal addition, the curves for small ¢g would be 


somewhat different, but for ¢ 2 10~* they would be . 


essentially the same. 

It can be seen that it is possible for matter so synthe- 
sized to have generated within itself as much as ~1000 
cal g—' of heat for times within a very few million 
years of the last addition, provided that that addition 
amounted to several per cent of the total matter. It is 
interesting that the nuclide Al’ [half-life 0.74 + 0.03 
My] (43) is almost solely responsible for the supple- 
mentary heat, as first suggested by Urey (39). [For 
Fe”, the half-life used in the calculations, ~0.3 My 
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Figure 7. Radiogenic heat production in chondrite-like matter from all 
nuclides with half-lives 210° years, for mixed nucleosynthesis in which a 
fraction (1-¢) of the matter was produced by continuous nucleosynthesis 
and a fraction y was produced by a single nucleosynthetic event at the 
termination of continuous nucleosynthesis 4.7 AE ago. 


(44), is now known to be too long by a factor of 
~3 (45), making it much less important than indi- 
cated in the figures. ] 

It appears, then, that now-extinct radioactivity may 
have been important as a heat source in the early stages 
of the solar system under, and only under, “mixed” 
nucleosynthesis. With single-event nucleosynthesis, 
the bulk of the radiogenic heat would have been dissi- 
pated long before the condensation of the proto-bodies 
of the system. With simple continuous nucleosyn- 
thesis, the steady-state heat generation rate by nuclides 
with half-lives 2 10° years would have been too small. 
Moreover, the ‘“‘mixed’”’ mechanism with a moderate 
value of ¢ (~10-?-10-') makes it much easier to 
account for the radiogenic Xe!” in the chondrites. 


Time Dependence of Nucleosynthesis 


The arguments on radiogenic heat provide, as we 
have seen, one indication of “‘fine structure” in the time 
dependence of nucleosynthesis within the period of its 
course for the elements of the solar system. Not only 
is it likely that an individual supernova contributed 
substantially to “our” matter at the very end of the 
process, but it is probable that similar discrete major 
contributions occurred at other times as well. The 
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total number of important contributions may possibly 
have been quite small. Information about the time 
of the next-to-last contribution might conceivably be 
obtainable from more detailed studies of primary and 
extinct natural radionuclides, particularly if more repre- 
sentatives of the latter can be found. 

The probable large magnitude of the last contribution 
suggests that our matter may contain only relatively 
small contributions from early nucleosynthetic events. 
This is suggested also by the independent argument 
that the early-synthesized elements introduced into 
the interstellar mixing-pot should have been removed 
steadily, both by incorporation into non-exploding 
stars (including the remnant cores of supernovae) and 
by reworking in other nucleosynthetically active stars. 
In the latter case, some of the ‘‘new”’ matter would be 
formed at the expense of “old” matter rather than of 
primordial hydrogen (and helium?). 

To account for this factor, it is necessary to modify 
the differential equation (2) by the addition of a term 
representing the ‘‘death” of synthesized heavy nuclei 
by processes other than radioactive decay. As a 
first approximation (for the sake of mathematical 
tractability), we may consider that there is a constant 
probability \;, the same for all nuclides, that a synthe- 
sized atom will be lost from the interstellar medium: 


It turns out that the resulting expressions for ratios 
such as (N3;/Ns)o and (N2/Ns)o can be put into exactly 
the same form as those resulting from the solutions 
of equation (2), with \* — d+ substituted for A» at all 
points. Thus the resulting value of A will not be af- 
fected by the analysis described earlier. However, 
the value obtained for X» is really the value of \* — 
A+, So that A* must definitely be larger than the value 


obtained previously. 


As usual, introduction of another parameter requires 
an additional piece or type of information for its evalua- 
tion. For this purpose, non-nuclear astrophysical evi- 
dence may be used to evaluate \* independently, and 
A+ can then be obtained by difference. The time de- 
pendence of star formation has been the object of 
several studies (46-50). Salpeter (49) deduced that 
the rate of star formation is closely porportional to the 
density of interstellar gas, and proposed that the 
rate of formation of a heavy nuclide is proportional to 
the total mass of gas in the galaxy. For the latter he 
takes a result of J. H. Oort, based on radio-astronomy 
observations, that the present mass of gas in our galaxy 
is about 2% of the total mass of the galaxy. If the 
total time since the galaxy was all gas is T = E + 
A+ 2 = 14 &, this would require a \* of ~0.3 #7! 
to yield = 0.02. If — Ay ~0.1 then 
d+ would be about 0.2 4#-'. This means that a stable 
heavy atom would have a mean lifetime of about 5 # 
in interstellar space. 

An even better approximation would be to assume 
that d;, like the production rates »:, varies propor- 
tionally with the rate of star formation: 

dN; 


a — — At N; (4) 


Solutions to this equation would be considerably more 
complicated. 
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Other Cases of Extinct Natural Radioactivity 


Although there are hundreds of nuclides which have 
been formed in natural processes but are now extinct, 
only those which have left effects which can now be 
detected in nature are designated as “‘extinct natural 
radionuclides” (15). The most definite type of such 
effect, a radiogenic excess of the daughter nuclide, is 
illustrated by the I’? + Xe!” transition. This case is 
favored by a moderately long half-life and an extremely 
high degree of chemical fractionation between the 
respective elements in the formation of the meteorites. 
If suffers the disadvantage, however, that the decay 
product could not accumulate until substantial cooling 
of the meteorite parent bodies had occurred. Thus 
for other nuclides with even somewhat shorter half- 
lives there is a possibility of observing extinct natural 
radioactivity. However, transitions such as Pu*4 
(H = 7.6 X 10’ y) > Th?*, U2(H = 2.39 « 107 y) > 
Th?*?, and Np?” (H = 2.20 X 108 y) > Bi™® are un- 
favorable because the product does not have a stable 
or long-lived isotope, and those such as Sm“ (H 
= 5 X 10’ y) > Nd’ and Cm**"(H > 4 X 10’ y and 
probably > 9 X 10’ y) > U*** because of the probable 
insufficiency of chemical fractionations between parent 
and daughter elements in meteorites. 

Although a suggestion that a part of the Xe!” of 
the earth’s atmosphere is radiogenic (51) has been re- 
garded as questionable (52), “primordial” xenon is 
currently being found in some carbonaceous and en- 
statite chondrites (18, 20-23), which may lead to a 
determination of this point. According to the most 
plausible interpretation of the comparison between the 
xenon in the carbonaceous chondrite Murray and the 
xenon of the earth, about 5% of terrestrial Xe!” is due 
to I'*° decay subsequent to isolation of the earth 
from cosmic xenon; and that event occurred about 50 
M y after the isolation of the meteorites from cosmic 
xenon (20). 

From the isotopic composition of primordial xenon, 
Kuroda (53) has argued the plausibility of earlier 
suggestions that some of the terrestrial Xe'** and other 
heavy Xe isotopes are a result of fission, most likely 
spontaneous, of heavy nuclei. The unusual mass- 
number distribution of the fissiogenic component sug- 
gests that now-extinct transuranium nuclides, especially 
Pu?** or Cm*7 or both, are responsible. Goles and 
Anders (64) have concurred in this suggestion and have 
discussed the conclusions which might be drawn from 
xenon isotope studies relative to the chronology of the 
early solar system. 

The moon’s tenuous atmosphere may also contain— 
or may be made predominantly of—radiogenic Xe!” 
(55). 

A search by Hess, et al. (56) for abnormality in the 


. Ag'”/Ag! ratio of meteoritic silver due to decay of 


now-extinct Pd!” (H ~7 X 10° y) gave negative results. 
Very recently, however, Rama Murthy (57) has re- 
ported that the silver isolated from the troilite of an 
iron meteorite (Toluca) has an Ag!” content about 1% 
higher than terrestrial silver. The palladium-silver 
fractionation supposed to have taken place while Pd!” 
was still present was that in the formation of the metal- 
lic phase rather than that in the later segregation of 
the troilite nodules. Making certain assumptions, it 
was calculated that this fractionation would have taken 


| 
| 
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place 84 My after a single-event nucleosynthesis or 
only 10 My after simple continuous synthesis. How- 
ever, it was pointed out that the abundance of Pd!” 
at the end of long-term nucleosynthesis would depend 
to a large extent on its production in the last contribu- 
ting supernova. Assuming the terminal Pd'” abun- 
dance to be 10% of its single-event value, the interval 
between the terminal contribution and the fractionation 
was calculated to be 45 My. This is unexpectedly 
short, but gratifyingly consistent with the hypothesis 
of “mixed” nucleosynthesis with ¢ ~0.1, with intense 
short-lived heating mainly by Al*, and with the longer 
cooling periods before the chondrites began to retain 

A search for enhancement of the T1®*/T1]®* ratio 
as a result of Pb®® decay (H' = 2.4 X 107 y) has re- 
cently been reported by Anders and Stevens (48), 
who examined the thallium from two typical chondrites 
(including Richardton), an enstatite chondrite, a car- 
bonaceous chondrite, and the troilite of two siderites 
(Toluea and Canyon Diablo). In all cases the iso- 
topic composition was normal within experimental 
uncertainty (about 1% of the ratio). From these 
“negative” results, of which that on Canyon Diablo 
troilite was most significant, it was calculated using 
certain assumptions that the decay interval was 
20.10 4 on the continuous nucleosynthesis hypothesis 
and 20.30 4 on that of a single nucleosynthetic event. 
The “mixed” nucleosynthesis model would, of course, 
give an intermediate limit. El-Badry and Kohman 
(59) have pointed out that the large variations in the 
thallium content of meteoritic troilite make it quite 
likely that samples with more favorable (higher) Pb/TI 
ratios than those so far examined may well exist, so 
that the incorporation of detectable levels of radiogenic 
TI? may well have occurred. 

Reed, et al. (60) point out that the absence of a de- 
tectable amount of Bi” in an achondrite (Nuevo 
Laredo) implies that there was essentially no Np?* 
present at the time of a fractionation which removed 
bismuth from the material of the meteorite. Assuming 
single-event nucleosynthesis, they calculate a decay 
interval of 2 16 My preceding that fractionation. The 
limit would be somewhat lower on the basis of “‘mixed”’ 
nucleosynthesis, and no limit would be implied on the 
simple continuous model. 

Terrestrial minerals display a greater variety and 
degree of chemical fractionation than do the meteorites, 
and might therefore offer additional possibilities for the 
detection of extinct natural radioactivity (15). How- 
ever, the fractionations leading to accessible rocks and 
minerals would have occurred considerably later, and 
hence only quite long-lived nuclides would come into 
question. Very recently there has been reported by 
Cherdyntsev and collaborators (61) an observation of a 
50% excess of U?* in the uranium from a terrestrial 
magnetite, suggesting the presence at its formation 
of some transuranium nuclide of the 4n + 3 series, most 
likely Cm?’. If this is indeed the explanation, the 
half-life of Cm?*7 must be at least ~10° years, and it 
may be just barely or even not quite extinct. It has 
been pointed out (62) that such a situation would pro- 
vide an important method for dating very early 
geologic events. However, a search for U** enhance- 
ment in two rare-earth minerals ~1 4 old produced 


negative results (63). 

Very few blank spots in the chart of nuclides remain 
which might be filled by nuclides with half-lives 
210’ years. One possibility is Mn**, which has been 
observed in meteorites as a result of cosmic-ray produc- 
tion (64), and whose half-life is estimated theoretically 
as ~10’ y (65). The half-life of Hf? has just been 
determined as 8.5 X 10° y (66). Since hafnium is 
lithophile and tungsten is siderophile, W'? might be 
enhanced in stone meteorites. Fissiogenic krypton 
isotopes from extinct Pu*** and Cm?” might be de- 
tectable in meteorites and in the earth’s atmosphere. 
‘}ue apparently short time between the end of large- 
scale nuclear reactions and the beginning of large- 
scale chemical reactions among the elements of the 
solar system indicates that all nuclides with half- 
lives greater than ~10® years should be regarded as 
potentially extinct natural radionuclides. 

The year 1960 has seen the promotion of “extinct 
natural radioactivity” from a speculative concept to 
an active and important field of research in cosmo- 
chemistry. 
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Redetermination of the Half-Life of Carbon-14 


A more accurate value for the half-life of carbon-14, important in geological and archeological 
dating, has recently been obtained by the National Bureau of Standards. The new value is 
5760 years, as compared with the previously accepted value of 5568 years. 

In performing the redetermination, high-specific-activity carbon dioxide was quantitatively 
diluted for counting in length-compensated internal gas counters in the Geiger and proportional 
regions. Mass spectrometric analyses of parts of the undiluted gas sample were made to determine 
the isotopic abundance of carbon-14, which was found to be approximately 44 atom-percent. 
Intercomparative measurements of the isotopic abundance were also carried out with the United 


Kingdom Atomic Energy Authority. 


The redetermined value is in fairly good agreement with the value of 5900 + 250 years ob- 
tained at the Bureau in 1953. The value of 5568 years that has been in use was somewhat arbi- 
trarily chosen. Because of the wide range in measured values of the half-life of carbon 14—from 
4700 to 7200 years—a weighted average of three values determined by gas counting and by mass 
spectrometric analysis was tentatively accepted for the purpose of radiocarbon dating of archeologi- 
cal samples. The present measurements have led to the conclusion that the uncertainties in the 
values obtained experimentally may have arisen almost entirely from adsorption effects. The 
change, however, is less than the previously stated experimental error. 


National Bureau of Standards Office of Technical Information 
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The Karlsruhe Congress: 


— A Centennial Retrospect 


0.. September 3, 1860, there gathered in 
the resort city of Karlsruhe about 140 European 
chemists, assembled to seek a meeting of minds regard- 
ing some of the problems responsible for the chaotic 
state of mid-nineteenth century chemistry. Fried- 
rich August Kekulé, then a professor at the University 
of Ghent and one of the promising figures among the 
younger chemists, was the leading stimulus in bringing 
about the conference. He had gained the backing, a 
year earlier, of Adolf Wurtz and Carl Weltzein. The 
latter, professor at the Technische Hochschule in 
Karlsruhe, shouldered the burden connected with ar- 
rangements for the meeting (1). Forty-five prominent 
chemists! permitted their names to be used on the 
invitations sent out on July 10, 1860. 


The Chaos That was Chemistry 


The meaning of such terms as “atom,” “molecule,” 


and “equivalent” had been in a state of chaos during 
the previous 50 years. Failure to agree on a uniform 
system of atomic weights meant that formulas varied 
from laboratory to laboratory. As an example, the 
atomic weight of 8 was used by some chemists for 
oxygen, 16 by others. Atomic weights of 6 and 12 
were both in use for carbon. Consequently, formulas 
for the same substance could not be in agreement. 
Even when there was agreement on the empirical 
formula there was still a variation in ideas on the nature 
of combination in compounds. When Kekulé pre- 
pared the first volume of his textbook (2) in 1861 he 
listed 19 different formulas for acetic acid, all of then 
to be found in the literature (Fig. 1). In an era such as 
this, chemistry was not only complicated but without 
sound foundations. 

The whole problem began a half century earlier 
with the introduction of Dalton’s atomic theory. Dal- 
ton, in his early work, had introduced a list of atomic 
weights which proved highly inaccurate and quite in- 
adequate. In 1808 Gay-Lussac (3), in his paper on 


Presented before the Division of History of Chemistry at the 
138th Meeting of the American Chemical Society, New York 
City, September 13, 1960. 


1 The following names were appended to the invitations sent 
out by Weltzein (asterisks show those who did attend the meet- 
ing). Babo,* Balard, Beketoff, Boussingault,* Brodie, Bunsen,* 
Bussy, Cahours, Cannizzaro,* H. Deville, Dumas,* Engelhardt, 
O. L. Erdmann,* Fehling,* Frankland, Fremy, Fritzsche, 
Hlasiwetz,* Hofmann, Kekulé,* Kopp,* Liebig, Malaguti, 
Marignac,* Mitscherlich, Odling,* Pasteur, Payen, Pebal,* 
Peligot, Pelouse, Piria, Regnault, Roscoe,* Schétter, Socoloff, 
Staedeler, Stas,* Strecker,* Weltzein,* Will,* Williamson, 
Wohler, Wurtz,* Zinin.* 


combining volumes, published information which 
suggested that two atoms of hydrogen combine with 
one of oxygen. This led to use of the formula H,O 
by Berzelius although Dalton preferred the formula 
HO. While the law of combining volumes actually 
bolstered Dalton’s atomic theory, Dalton refused to 
consider it of significance and questioned the reliability 
of Gay-Lussac’s work. 

The Italian physicist Avogadro (4) brought about a 
reconciliation of Gay-Lussac’s law and Dalton’s atomic 
theory in 1811 when he suggested that equal volumes of 
gases at the same temperature and pressure contain the 
same number of molecules. He then went on to show 
that the apparent discrepancies between the law of 
combining volumes and the atomic theory might be 
reconciled if elemental gas molecules were considered 
to be polyatomic. Nowhere did Avogadro argue that 
all elemental gases were diatomic, but since each of 


CMe empirische Formel. 
C,H,0,+HO ...... dualistische Formel. 
CMO, +2 Wasserstoffsiiure-Theorie. 
C.H,O,4+-HO, ..... Longchamp’s Ansicht. 
CM +8,0; Graham's Ansicht. 
C,H,0,.04+HO ..... Radicaltheorie. 
Radicaltheorie. 
C.H,0. to . Gerhardt. Typentheorie. 
c,0, + C,H, + HO Berzelius’ Paarlingstheorie. 
H 0.(C,H,)C,,0, Kol be's Ansicht. 
HO .(C,H,)C,,0.0, ditto 
H, 
+ HO . Rochleder. 


H 
(¢ +00, ) + HO . Persoz. 


H 
to, Buff. 


Figure 1. Tabulation of formulae for acetic acid in use before 
1861. From F. A. Kekule, “Lehrbuch der organischen Chemie,” 
1861, 
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his examples was a diatomic molecule, the few chemists 
who attempted to deal with the hypothesis supposed 
that molecules of all elemental gases or vapors were 
diatomic. 

Nearly all chemists, however, found Avogadro in- 
comprehensible or unconvincing; the hypothesis, to- 
gether with Ampére’s independent reiteration of it in 
1814, lay in the discard for a half century. Berzelius, 
leading student of electrochemistry, was of the opinion 
that atoms were held together incompounds by elec- 
trical forces; hence, two atoms of the same element 
would repel each other and diatomic molecules would 
not be possible. Although Berzelius utilized the 
principle that differential elemental gases contained the 
same number of atoms per volume, he could not accept 
the notion that compound gases also contained the 
same number of molecules. 

When Dumas (5) developed his method for vapor 
density determinations in 1826, he found disagreement 
between atomic weights calculated from vapor densities 
and the atomic weights for the same elements reported 
from purely chemical investigations. Although Gaudin 
(6) suggested that elemental gas molecules might con- 
tain other than two atoms, Dumas and everyone else 
remained unconvinced and vapor densities played no 
further part in the atomic weight problem. 

The next 30 years saw the dramatic rise of organic 
chemistry, with an attendant intensification of the 
problem of inconsistent formulas. The various radical 
and type theories of the period confused rather than 
clarified the problem. 

Despite the excellent analytical work of Berzelius, 
and his shrewd deductions, there was a hesitancy to 
accept atomic weights as having value in the calcula- 
tion of formulas. Following Leopold Gmelin, many 
chemists felt more comfortable with equivalent weights 


_and used them in dealing with proportionate relation- 


ships in chemical compounds. Gerhardt, early in the 
forties, reiterated the greater significance of atomic over 
equivalent weights, but recognized certain inconsist- 
encies in the Berzelius table and made corrections. 
However, in correctly halving the Berzelius’ values for 
silver, sodium, and potassium, he also halved the cor- 
rect values for zinc, calcium, and other divalent metals. 

The work of Wurtz and Hofmann on amines led to 
the recognition around 1850 of the ammonia type of 
compound. About the same time, Williamson’s work 
led to recognition of the water type of compound in the 
alcohols and ethers. Gerhardt added the hydrogen 
and hydrogen chloride types shortly thereafter and 
sought to develop a new type theory for the classifica- 
tion of organic compounds. 

Kolbe’s electrochemical studies on fatty acids led 
him to grope toward a primitive sort of structural for- 
mulation. Frankland, as a consequence of his work 
with zine alkyls, was arriving at the valence concept 
for organic groups and metallic atoms. Kekulé and 
Couper independently extended the valence concept 
when they recognized the quadrivalency of the carbon 
atom. Both further recognized that carbon atoms 
might satisfy a part of their valency by carbon-to-car- 
bon bonding. Kekulé and Couper each sought to deal 
with structure in organic compounds on the basis of 
valence, Couper’s structures bearing a close resemblance 
to those which later came into common use. 
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It becomes readily apparent that the discipline of 
chemistry was in a state of extreme chaos at mid- 
century and was, in fact, ripe for reform. The older 
chemists like Berzelius, Liebig, Dumas, Gmelin, and 
Mitscherlich were giving ground to a new generation 
of chemists. Some, particularly Laurent and Ger- 
hardt, were openly contemptuous of authority. Others 
like Kekulé were respectful of the past, but not pre- 
vented by it from examining unique new concepts. 
It was in this atmosphere that the Karlsruhe Congress 
was called. 

Following the customary preliminaries, the Congress 
settled down to business with the appointment of a 
steering committee, with Kopp as chairman, Béchamp, 
Canizzaro (Fig. 2), Erdmann, Fresenius, Kekulé, 
Schischkoff, Strecker, and Wurtz, to draft a set of 
questions which would form the basis for the second 
day’s discussion. This session was spent in an examina- 
tion of the various ways in which the terms “atom,” 
“molecule,” “radical,” and “equivalent” were used. 
There was no unanimity of opinion and no decisions 
were reached. 


Figure 2. Stanislao Cannizzaro. 
Cannizzaro’s Influence 


At the last meeting on September 5 the steering 
committee proposed three questions for discussion.” 
One of them raised the advisability of returning to the 
principles of Berzelius. Cannizzaro spoke against the 
proposal, pointing out that Gerhardt had set chemistry 
on the right track by basing molecular weights on the 
concept introduced by Avogadro and Ampére. Hence, 
it was important to utilize Gerhardt’s contributions 
rather than retreat to the position of Berzelius. 

Cannizzaro, then at the University of Genoa, had 
published two years earlier a sketch of his method of 
teaching chemistry (7). In this paper he revealed 


2 For details see C. pk Miut, Chymia, 1, 165 (1948), or better, 
Karu ENGLER in the “Festgabe zum Jubililium der vierzig- 
jahrigen Regierung Seiner K6niglichen Hoheit des Grossherzogs 
Friedrich von Baden,” Karlsruhe, 1892, pp. 346-55. The latter 
paper carries the official report of the meeting which was pre- 
pared by Wurtz and filed in the Archives of the Technical School 
in Karlsruhe. 
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how, by an examination of historical theories and ex- 
periments, it was possible “to lead my students to the 
conviction which I have reached myself” (8). He 
described the significance of certain contributions of 
Gay-Lussac, Avogadro, Ampére, Berzelius, Dumas, 
Regnault, Gerhardt, and Laurent, and showed in his 
lectures, how these contributions were useful in the 
clarification of the subject matter. 

Cannizzaro’s speech before the Congress emphasized 
the significance of Gerhardt’s work, in which the la ‘ter 
based his molecular weights on the hypothesis of 
Avogadro and Ampére. Attention was called to the 
work of Dumas on vapor densities and the reasoning 
of Gaudin on the size of molecules of elemental gases. 
The application of Avogadro’s hypothesis to the deter- 
mination of atomic weights was explained and a plea 
was made for the adoption of atomic and molecular 
weights based on the application of these principles. 

During the discussion which followed Strecker an- 
nounced his intention of adopting the proposed atomic 
weights and Kekulé agreed, but with certain reserva- 
tions. Kopp and Erdmann argued, however, that 
votes must not be taken on scientific questions and 
the meeting closed on a note of uncertainty. At that 
time Angelo Pavesi, professor of chemistry at Pavia 
and follower of Cannizzaro, distributed reprints of 
Cannizzaro’s paper of 1858. While many copies were 
doubtless consigned to the trash can, a few were read 
with understanding. Lothar Meyer was profoundly 
influenced (9) and utilized Cannizzaro’s suggestions 
as the basis for his own textbook, “Die Modernen 
Theorien der Chemie” (1864). Mendeleev was another 
who made extensive use of the proposals as had New- 
lands before him. 

It is impossible to overemphasize the role of Canniz- 
zaro in bringing about the acceptance of Avogadro’s 
hypothesis, and thereby pointing chemistry along a 
fruitful path. By comparing the density of gases and 
vapors with the density of hydrogen, and by accepting 
the diatomic character of the hydrogen molecule, he 
was able to show how correct molecular weights might 
be determined. By accepting the comparative den- 
sities observed by use of the balance, and by refusing 
to entertain preconceived notions regarding molecular 
composition, he was able to avoid the uncertainties 
which plagued Dumas with respect to the vapors of 
sulfur, mercury, phosphorus, and arsenic. It became 
increasingly obvious that molecular size might be 
dealt with with certainty. 

As a consequence of the certainty of molecular 
weights, it now became possible to distinguish between 
empirical and molecular formulas. Hydrocarbons, 
aleohols, organic acids, aromatic compounds, and 
virtually all of the simpler organic molecules could be 
formulated correctly. 


Structural Chemistry Possible 


With the advent of reliable molecular formulas it 
was possible to make the step to structural chemistry. 
Although Kekulé and Couper had grappled with the 
problem as early as 1858, it could not be convincingly 
handled until molecular formulas were no longer open 
to question. During the eighteen sixties a vigorous 
period of chemical architecture developed through the 
work of such chemists as Kekulé and Butlerov. This 


type of thought paved the way for the successful solu- 
tion of the molecular basis for optical activity which 
had plagued chemists since the forties. Van’t Hoff 
and Le Bel successfully dealt with the problem of the 
asymmetric carbon atom in 1874. Their work was 
successfully extended during the next decades, par- 
ticularly in the hands of J. Wislicenus and, in the case 
of the sugars, of Emil Fischer. 

The last four decades of the 19th century were ex- 
tremely fruitful ones for the development of organic 
chemistry. This is evidenced by the successful de- 
velopment of the synthetic dye industry, the branching 
out into the field of synthetic drugs, and the develop- 
ment of a significant indicator theory before the end of 
the century. The successful elucidation of the struc- 
ture of such natural dyes as alizarin and indigo, and of 
the sugars, purines, and terpenes, reveals the power 
held by the organic chemists of the day. 

It is true that the successes in structural chemistry 
did not extend into the inorganic field until the end of 
the century. The attempt of Blomstrand and of 
Je@rgensen to deal with structure of inorganic compounds 
was a miserable failure. There was an inability to 
realize that whereas organic structures involve a very 
limited number of elements where carbon atoms serve 
as a central skeleton, inorganic compounds are made 
up of a greater variety of elements with no single 
element serving as a central core. The problem only 
found resolution in the 1890’s when Alfred Werner 
arrived at the concept of the coordination compound 
and began dealing with coordination complexes from 
the standpoint of geometric structure. However, it 
was necessary for Werner to introduce the concept of 
primary and secondary valences. Since a sound theory 
of chemical bonding only began to develop after the 
rise of the structural atom around 1914, it was diffi- 
cult for inorganic chemists to reconcile themselves to 
the demands of primary and secondary valences. 


Prototype of International Meetings 


Besides its impact on the development of chemical 
theory, the Karlsruhe Congress represents the first 
international chemical meeting. Although it failed 
to mark the introduction of a regular series of inter- 
national meetings it represented a preliminary step 
among chemists to seek, through a large gathering 
representative of many countries, solutions to problems 
which are difficult to resolve on the local level. As 
chemistry advanced during subsequent decades more of 
these problems began to be apparent, leading to new 
international meetings. 

By 1889 the problem of naming organic compounds 
was sufficiently acute to demand the attention of the 
International Congress of Chemists which assembled 
in Paris in that year. A commission was set up at that 
time to make an interim study. A report was sub- 
mitted at the Geneva meeting of the Congress three 
years later. This was approved by about forty chem- 
ists in attendance, forming the basis of the Geneva 
system of organic nomenclature. 

The International Congress of Chemists continued 
to meet at regular intervals until World War I. Fol- 
lowing the termination of the war, the need for an 
international organization of chemists was recognized 
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in the formation of the International Union of Pure 
and Applied Chemistry at meetings of an international 
group held in London and Brussels during July in 1919. 
This organization has continued active in dealing with 
nomenclature and other problems of world-wide interest. 
International Congresses and Conferences have been 
held, except during World War II, at intervals of several 
years. 

The Karlsruhe Congress, in retrospect, had signifi- 
cant consequences, even though it appeared to end 
with little accomplished (10). There is no doubt that 
the problems facing the conferees would have been 
solved without a Karlsruhe Congress, but they would 
have given ground more slowly. The Congress drama- 
tized the importance of Avogadro’s hypothesis in the 
minds of a few of the leading younger chemists, re- 
sulting in the application of a sound principle which 


would make possible the dramatic progress in chemistry 
during the next four decades of the century. 
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The scale of ‘atomic weights’ based on 
O = 16 was introduced under the influence of Berzelius 
early in the nineteenth century and has been used ever 
since by chemists. In 1929 Giauque and Johnston (/) 
discovered the isotopes 'O and "O of the hitherto only 
known oxygen nuclide *O. From that time physicists 
have for obvious reasons used the scale *O = 16. The 
chemical scale and the physical scale differ by the 
factor 1.000275. The difference between the two 
scales has been a source of increasing inconvenience 
and indeed irritation to both chemists and physicists. 
For nearly four years there have been discussions (2) on 
the possibility of finding a scale acceptable to both, 
discussions which at last have resulted in success. The 
physicists for technical reasons which need not be 
elaborated required a scale based on a pure nuclide with 
mass number a multiple of four. The chemists on the 
other hand, in order not to have to scrap the extensive 
tables of molar quantities, were prepared to accept a 
change only if it was less than 1 part in 10‘. These 
conditions ruled out both existing scales. In 1957 
Olander and Nier independently proposed (2) the 
scale °C = 12 and this has now been accepted by 
both chemists and physicists. The International 
Union of Chemistry at its meeting of 1959 in Munich 
decided (3) that it would formally introduce the scale 


86 / Journal of Chemical Education 


The Mole and Related Quantities 


2C = 12 at its next biennial meeting of 1961 in Mon- 
treal provided that meanwhile the scale was formally 
endorsed by the International Union of Physics. This 
was done (4) at the latter Union’s meeting in September, 
1960, in Ottawa. A comparison between the two 
obsolescent scales and the new unified scale is sum- 
marized in the following table: — 


Old New 


physical chemical unified 
escale scale scale 

16Q) 16 exactly 15.99560 15.99491 
16 exactiy 15.9999 

12.00382 12.00052 12 exactly 
Oe 12.011 12.010 
107 . 880° 107.875 
107 .873° 107.868 

“Value given in the 1959 International Table of Atomic 
Weights. 


+ Value obtained from the recent coulometric determination at 
the National Bureau of Standards (7) of the electrochemical 
equivalent of silver. 


It will be observed that the change for chemists is only 
43 parts per million and this is numerically trivial, but 
this change is a tremendous triumph of reasonableness 
over confusion. The change also provides an occasion 
for tidying up nomenclature related to the scale. In 
particular it is hoped that the term “atomic weight” 


7 


try 


may fall into disuse so that eventually it may become 
unnecessary to explain to every novice: that “atomic 
weight” does not mean weight of an atom, 

The following text is an outline of recommendations 
on terminology and notation already endorsed (4) by 
the International Union of Physics. Some of these 
have also been endorsed by the International Union of 
Chemistry; it seems probable that this body will make 
similar if not identical recommendations. Most of 
these recommendations have also been endorsed by the 
International Standards Organization’s Technical Com- 
mittee on Quantities, Units, Symbols, Conversion 
Factors, and Conversion Tables. 


Mole: Chemists’ “Amount of Substance” 


We have all been taught at an early age that mass and 
weight are different quantities although at a given 
place their ratio is constant. During the past score 
of years the view has been accepted by a rapidly 
increasing number of physicists and chemists that there 
is a third quantity different from mass and weight but 
proportional to both. This quantity was first named 
(5) “Stoffmenge” in German and the English transla- 
tion is “amount of substance.” Admittedly the 
amount of a pure dry solid substance is usually measured 
by weighing, but there are numerous other ways of 
measuring amount of substance. The amount of a 
gas (or beer!) is often determined by a measurement of 
volume. The amount of a substance in solution is often 
determined by titration. or by colorimetry or by 
polarography. The amount of a radioactive substance 
may be determined by a Geiger counter. The amount 
of a drug may be determined by its physiological 
action. This list is not exhaustive. Weight is a 
measure of gravitational pull and mass determines the 
redistribution of momentum in a collision. It is 
clear that amount of substance determinable by any of 
the mentioned techniques is no more identical with mass 
or with weight than these two quantities are identical 
with each other. The unit of amount of substance most 
used and among chemists almost universally used is the 
mole. We continue with a list of definitions related to 
the mole and to the new unified scale. 

A nuclide is an atomic species defined by both atomic 
number and mass. Two or more nuclides having the 
same atomic number but different atomic masses are 
called isotopes. (A single isotope is, like a single twin, 
a contradiction in terms.) 

The mass of an atom of a nuclide, or the average mass 
of an atom in an element, is for convenience expressed 
as the ratio of this mass to one-twelfth of the mass of 
a neutral atom of °C, This ratio is called the relative 
nuclidic mass of the nuclide or the relative atomic mass 
of the element. The mass equal to one-twelfth that of 
a neutral atom of !°C is denoted by m, in analogy with 
m, for the mass of a proton, m, for the mass of .a 
neutron, and m, for the mass of an electron. Alterna- 
tively this same quantity may be regarded as a unit of 
mass for the new unified scale and it is then denoted by 
u. We may thus write either for the relative atomic 
mass of ordinary silver 


Mag/M, = 107.87 


or for the mass of an atom of ordinary silver 


Mag = 107.87u 
where 
my, = lu = 1.66037 X 107% g 


The mole is the amount of substance containing the 
same number of molecules (or atoms or radicals or 
tons or electrons as the case may be) as there are atoms in 
12 grams of °C. 

Avogadro’s constant denoted by L or N, describes the 
number of molecules per amount of substance. Its 
value on the unified scale is 


L = 6.02278 102% mole! 
L~ = 1.66037 X 10~*4 mole 


Faraday’s constant, denoted by F, describes the 
charge of a mole of electrons and is equal to the product 
of Avogadro’s constant ZL and the elementary charge e. 
On the unified scale 


F = Le = (6.02278 X 10? mole~') (1.60209 10-”) coulombs 


= 96490 coulombs-mole-! 


The gas constant denoted by R is equal to the product 
of Avogadro’s constant L and Boltzmann’s constant k. 
On the unified scale and on the temperature scale 
prescribed by the General Conference on Weights and 
Measures with the triple point of water defined (6) as 
273.16°K: 


R = Lk = (6.0227g X 102? mole) (1.38049 10~-'*) erg 
= 8.3144 x 10’ erg °K~! mole 
= 8.3144 joules °K~! mole 


Terminology Still Needed 


There remains at least one unresolved question of 
terminology. There is a need for a word to denote per 
amount of substance analogous to specific meaning per 
mass and density meaning per volume. This need has 
been stressed especially by French-speaking scientists 
but no proposal has yet been made to fill the gap. 
The present author with some diffidence suggests the 
word proper (French “propre,” German “eigen’’) 
because he knows of no better word. If this suggestion 
were adopted we should say that the “proper energy” 
of a substance was so many joules per mole rather than 
saying that the ‘molar energy” is so many joules per 
mole, which is as clumsy as if we spoke of “gram energy” 
instead of “specific energy.” 

I am grateful to Dr. Stille for expert advice concern- 
ing the new values of the general constants. 
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L. B. Weisfeld 
U. S. Rubber Company 
Wayne, New Jersey 


The rate at which heat is absorbed or 
evolved during a chemical process can give a rapid 
and convenient estimate of reaction kinetics. Various 
calorimetric methods have been described in the liter- 
ature (1), demanding, for the most part, elaborate and 
expensive apparatus and a complicated interpretation 
of thermal data. Recent methods applied most suc- 
cessfully and precisely toward this end have been dif- 
ferential enthalpic analysis (DEA) and differential 


thermal analysis (DTA). Both these techniques em- _ 


ploy a differential thermocouple immersed in reactive 
and inert materials of approximately equivalent heat 
capacity, and temperature differences during reaction 
are sensed by a recording device. In DEA, described 
by Eyraud (2), temperature differences between the 
active and reference substances are maintained at 
zero by supplying heat to either during a reaction. 
The amount of heat input is recorded. In DTA (3) 
the temperature difference between materials is re- 
corded directly as the environmental temperature is 
changing. A smooth closed curve results, the area be- 
neath proportional to the heat of reaction. This latter 
technique has proved of greater value in the considera- 
tion of reaction kinetics. Thus, Kissinger has developed 
the relationship between the “shape index” of a dif- 
ferential thermogram and the order of reaction in solid 
state reactions (4), and Borchardt and Daniels have 
derived rate constants and activation energies from 
single curves through the application of DTA to reac- 
tions in solution (5). These methods are, however, 
limited to specific types of reactions not often encoun- 
tered in the common organic laboratory; and the 
equipment required, though relatively simple in the 
Borchardt and Daniels experiment, may not be im- 
mediately available or indeed warranted by the nature 
of the experiment. 

Thermal analysis (TA) is the natural precursor of 
the forementioned methods. It relies solely on the 
rate and extent of development of an exotherm upon 
rapid mixing of reactants and hence requires only 
the most rudimentary apparatus. The equipment 
used in the present experiment is that found in any 
conventional laboratory: a small Dewar flask, a ther- 
mometer calibrated in 0.1°C units, a magnetic stirrer, 
and a stop-watch. 


The Theory of Thermal Analysis 


The observed rate of temperature change in an exo- 
thermic reaction, under approximately adiabatic con- 


Contribution No. 196 from the Research Center of the United 
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A thermoanalytical kinetic experiment 


The Catalyzed Reaction of 
Phenyl Isocyanate with Butanol 


ditions, may be related to the rate of change of reactant 
concentration by the expression, 


aT AH dn 
de 


where AH is the heat of reaction and c is the calorimeter 
constant. The initial rate of temperature change is 
similarly related to the initial concentration change: 
dT _ AH (dn 
TG). @) 
Integrating (1): 
AT = —AH/cf,* (dn/dt)at = —AH/e(n) (3) 
and dividing (2) by (3): 
(dT /dt)) _ —AH/c(dn/dt)o 


AT — AH/c (n) 


or, 
(dn/at)o = (dT /dt)y-(n)/AT (4) 


This states that the initial reaction rate is directly 
proportional to the initial temperature rate and 
inversely proportional to the total temperature rise. 
The reaction rate is also proportional to the rate con- 
stant, thus (6): 

(dn/dt)o = k(n)* (5) 
where k is the rate constant at the temperature of 
reaction initiation, z is the order of reaction, and n 


is the initial concentration of reactant. Substituting 
in equation (4): 


(6) 


and for a first order reaction, 


dT\ 1 
k= AT (7) 


Thus, for a first order (or “pseudo-unimolecular’’) 
reaction, the initial slope of a temperature-time curve 
divided by the total temperature rise is simply equal to 
the rate constant for reaction. This assumes that the 
heat of solution (or dilution) of the last introduced 
reactant is negligible compared to the heat of reaction. 
A typical temperature-time curve is illustrated in 
Figure 1. To determine the initial slope, a smooth 
curve is fitted to the raw “stop-watch” data and graphi- 
cally differentiated, extrapolating to the zero intercept. 
It may be expedient, however, to feed raw data into a 
programmed computer, thus obviating a great part. of 
human error. 


| 


(3) 


The Experiment: Iron (Ill) Acetylacetonate Catalysis 
in the Reaction of Phenyl Isocyanate and n-Butanol 


Aromatic isocyanates react rapidly with alcohols to 
form, predominantly, urethanes: 


Ar—NCO + R—OH — Ar—NHCOO—R 


The reaction of diisocyanates with diols and polyols 
to give polyurethanes has created an entire new in- 
dustry (elastomers, foams, coatings, etc.). _ Fortu- 
nately, the reaction above is not simple, but many side 
reactions do occur to varying extents, creating ma- 
terials of wide property range. Therefore, catalysts 
are employed to promote certain reactions in polymeriz- 
ing media and hence minimize others. Iron (III) 
acetylacetonate is one such catalyst, specific to the 
urethane reaction (7), and has found wide use. How- 
ever, catalytic parameters have not been described and, 
for that matter, are rare for almost all known urethane 
catalysts. In a mechanistic discussion at these labora- 
tories, it was postulated that the iron complex might 
accommodate more than one isocyanate group in a 
transition state intermediate, and this study was under- 
taken with that feature in mind. We also desired to 
set up a method for the determination of catalytic 
parameters for urethane catalysts in general. 

Iron (III) acetylacetonate was prepared by mixing 
an ammoniated solution of 1,3-pentanedione with an 
equivalent amount (one-third molar ratio) of iron (III) 
sulfate hydrate. The red precipitate was filtered and 
recrystallized twice from benzene and petroleum ether, 
mp 187-188°. Quantities of the catalyst were dis- 
solved in dried, distilled n-butanol. 

Exactly 100.0 ml of the butanol-catalyst solution were 
placed in a small Dewar flask fitted with a magnetic 
stirrer, vented stopper, thermometer calibrated in 0.1° 
units, and a small calibrated rapid delivery addition 
funnel. A hypodermic syringe may be used in place of 
the latter. The initial temperature of the solution in 
the Dewar was adjusted to 24.5° with the aid of a cold 
finger and, at this temperature, between 1.0 and 3.0 ml 
of freshly distilled phenyl isocyanate were added rapidly. 
Temperature was recorded every 15 seconds thereafter 
up to four minutes, then leveling temperatures were 
recorded at one minute intervals up to 10 minutes. 
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Figure 1. Typical temperature-time curves for the reaction or phenyl iso- 
cyanate with n-butanol. 


All reactions investigated were essentially complete 
well within that 10-minute period. Typical smoothed 
temperature-time curves are shown in Figure 1. The 
data were analyzed via a Burroughs E-101 computer. 
In this manner, as many as 30 experiments were run 
(and 30 rate constants calculated) in a single day. 

Catalytic coefficients may be calculated from the 
Br¢gnsted relationship (8): 


k = ky + k.[Cat]* (8) 


where k is the rate constant for reaction, ko the un- 
catalyzed rate constant, k. the catalyst coefficient, 
[Cat] the catalyst concentration, and x the order of 
catalysis. In logarithmic form: 


log (k — ko) = log k. + x log [Cat] (9) 


Figure 2 shows the results, plotted as indicated by 
equation (9). The slope is the order of catalysis and 
the intercept the logarithm of the catalyst coefficient. 
The catalytic equation 
—log (k — ko) = 0.0305 — 0.7739 log [Cat] 
R = 0.933 
S. = 0.072 


where R is the correlation coefficient and S, the stand- 
ard error, shows a slope term close enough to unity 
to rule out the possibility of multiple occlusion of iso- 
cyanate in the transition state. The catalytic coeffici- 
ent, k, = 0.932 1/mole-sec, is useful for future compari- 
son of other catalysts. 

This method is, of course, subject to low precision of 
measurement which can be minimized by the rapid 
accumulation of replicate data and statistical analysis. 
In addition, it is best suited for reactions with half 
lives of no less than 30 seconds and no more than three 
minutes, to obviate, respectively, temperature measure- 
ment lag and heat losses. AT should be less than 10°C, 
the average temperature lying fairly close to ambient 
for this latter reason. As mentioned before, heats of 
solution and dilution should be negligible compared to 
heats of reaction. 


29 


2.8 


2.7 


—log [Cat] 


Figure 2. Bronsted plot for Fe(CH;COCHCOCH;); catalysis of phyenl 
isocyanate and n-butanol: least squares slope 
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The laws of definite combining pro- 
portions and simple combining ratios as applied to 
condensed phases are sometimes taken too rigorously. 
For the gaseous molecule NO, the smallest change 
that one can produce in this molecule is either the 
addition or removal of one atom. For example, one 
could add one nitrogen atom to produce N;O or one 
oxygen atom to produce NO,, both of which are com- 
pounds with properties drastically different from those 
of nitric oxide. As the atom is the smallest unit which 
can be added or removed from a molecule, it is clear 
that the smallest change that one can produce in a 
gaseous molecule will produce a large change in its 
properties. If, on the other hand, we consider a mole- 
cule of solid sodium chloride, for example a single 
crystal weighing 10 g, its formula would be Nay??- 
Cly”*. Here again, the smallest change that one can 
bring about is the addition or removal of one etom. 
If we remove one chlorine atom, the new formula is 
now Nayo?*Clio?*-;.. When one is dealing with con- 
densed phases with infinite lattices, the removal or 
addition of single atoms produce such minute changes 
in the formula that one can have essentially minute 
and gradual changes in the properties of the phase as 
one changes its composition. Thus it is not surprising 
that condensed phases have ranges of composition and 
are not restricted to definite compositions or simple 
combining proportions. In fact, one can prove ther- 
modynamically that no condensed phase at equilibrium 
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Non-Stoichiometry in 
Non-Metallic Compounds 


can be restricted to a unique composition except at 
singular points such as a congruent melting or boiling 
point, peritectic and similar points, or at temperatures 
approaching absolute zero. Except for these singular 
points, condensed phases under all other equilibrium 
conditions must have appreciable ranges of composi- 
tion or appreciable homogeneous ranges. 

Consider the sodium chloride phase again. The 
phase which is in equilibrium with chlorine at 1 atm 
and therefore has a fugacity of chlorine of 1 atm cannot 
be the same sodium chloride phase which is in equilib- 
rium with sodium metal and therefore has an activity 
of sodium metal close to unity. For we know that it 
is impossible to have sodium metal at unit activity 
and chlorine gas at 1 atm in equilibrium with one 
another. For the sodium chloride phase in equilibrium 
with sodium, one can from available thermodynamic 
data calculate the fugacity of chlorine corresponding 
to that phase. As one varies the composition from the 
sodium chloride composition in equilibrium with 
sodium to the sodium chloride composition in equilib- 
rium with chlorine by adding chlorine atoms, the 
chlorine fugacity increases from a minute value to a 
value of 1 atm. 

The changes in properties of sodium chloride across 
its homogeneous range are quite substantial. For 
example, its color changes from deep blue at the sodium- 
rich end to a white color at the chlorine-rich end (1). 
Likewise, its electrical and many other properties 
change quite markedly as one moves across the homo- 
geneous range. For sodium chloride the range in 
composition is rather small, although it can be de- 
tected analytically without much difficulty. One 
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finds that the homogeneous ranges will vary greatly 
from one phase to another. In some instances, a sys- 
tem of two components may correspond to a phase 
diagram with a complete homogeneous range from one 
component to the other. In other instances, there 
may be a number of intermediate phases, some of 
which have moderately wide homogeneous ranges and 
others which are fairly sharp homogeneous ranges. 

It is important to recognize that the compositions 
at the limits of these phases would normally have no 
particular significance of their own. These limiting 
compositions will be different at each temperature and 
are not determined by the properties of the phase in 
question alone but are equally well determined by the 
properties of the phases that exist in equilibrium with 
the phase in question. Thus, under some circum- 
stances, when it is possible by proper seeding to have a 
choice of phases which might be saturating a given 
phase, then the limit of homogeneous range will be 
different under the two conditions. The reader may 
consult the literature (2) to become familiar with the 
plots of free energy versus moles of one component per 
fixed amount of the other component for a series of 
phases which illustrate that the limits of the homo- 
geneous ranges occur when one has a common tangent 
to two free energy curves corresponding to equal partial 
molal free energies for the two phases. Such plots 
clearly show the influence of the saturating phases upon 
the homogeneous range of a given phase. 


Nomenclature Problems 


It is quite customary to designate a phase by a 
formula which corresponds to some simple combining 
ratio. For example, the sodium chloride homogeneous 
range is referred to as the NaCl phase region; the iron 
(II) oxide homogeneous range, or the wiistite phase, 
is referred to as the FeO phase region. The use of 
these names does not imply any commitment about 
the range of compositions nor that the simple com- 
position chosen to name the phase has any special 
significance within this phase region. Thus in the 
instance of the iron (II) oxide phase region, the com- 
position FeO does not exist in an equilibrium system 
(3). Nevertheless it is useful to refer to this as the 
FeO phase region because of the fact that the X-ray 
pattern of compositions in this phase region corre- 
sponds to an ideal lattice of the sodium chloride type, 
which would have the composition FeO if it were an 
ideal lattice with no vacant lattice sites. Except at 
the absolute zero, it is not possible to have an ideal 
crystal for any substance at equilibrium and there will 
always be vacancies in the lattice. The vacancies in 
the cation sites need not be equal to those in the anion 
sites. In the instance of the wiistite phase, any at- 
tempt to equalize the vacancies in anion and cation 
sites would result in a phase with an iron activity greater 
than unity or a phase unstable with respect to dis- 
proportionation to metallic iron and an oxide phase 
richer in oxygen. Thus, even though we refer to 
phases such as the FeO phase, the TiO phase, the NaCl 
phase, etc., we do not imply by such a designation that 
the phase has a fixed composition corresponding to the 
ideal crystal structure. Wemake no other commitment 
than the designation of the crystallographic arrange- 
ment. For those who are accustomed to dealing with 


intermetallic compounds, this is quite obvious. How- 
ever, many people who have dealt with nonmetallic 
compounds under rather restricted conditions often 
have not been aware of the importance of recognizing 
the existence of homogeneous ranges for all compounds. 

There are many important respects in which not 
recognizing this can greatly handicap the understand- 
ing of chemical processes. Let us consider a few ex- 
amples. Of course the very drastic change in elec- 
trical conductivity as a function of composition has 
been strongly emphasized in recent solid state work. 
However many of the other properties vary quite con- 
siderably. 

As an example I might cite the cerium sulfide phase 
on which we worked some years ago (4). We had 
prepared a series of samples which according to the 
X-ray reports were identical. Within experimental 
error no difference could be detected in lattice contents. 
They all had the same structure, but their properties 
differed consiierably. The color varied from black to 
red. The electrical conductivity varied from that of 
almost a metallic conductor to that of an insulator. 
The thermal conductivity likewise varied from high to 
very low. The thermal shock properties varied so 
markedly that the red sample behaved as a typical 
ceramic material that shattered very readily upon 
rapid heating or cooling whereas the black material 
could be heated 1000° per min. without shattering. 
The black material was an extremely good reducing 
agent whereas the red was an oxidizing agent under 
many conditions. The observation of a constant lattice 
parameter for the series of preparations is often taken 
as an indication of a very narrow homogeneous range, 
but in this instance the sulfur to cerium ratio varied 
from approximately 1.33 to 1.50. The ideal lattice 
corresponded to Ce,S;. Normally as one adds ma- 
terial to fill vacant sites one expects an expansion, so 
that as one adds cerium to the Ce.S; one would expect 
an increase in the lattice parameter. However the 
cerium atoms with their extra electrons so greatly 
increase the binding of the lattice that the expansion 
that would normally be expected when holes are filled 
is almost exactly balanced by the increased strength of 
the bonds. Chemical analyses established that the 
Ce;-.S; phase showed a range from x = 0 to x = 
0.3 with only a slight change in lattice parameter. 


Vaporization Processes 


One of the topics which often causes a great deal of 
difficulty is the designation of a vapor pressure for a 
phase. When-one recognizes the existence of a homo- 
geneous range for a phase it is clear that there will be 
a range of vapor pressures as a function of composition. 
Unless one can characterize the phase in regard to its 
composition and can use a method of vapor pressure de- 
termination that does not appreciably alter the compo- 
sition (so that one can associate the vapor pressure with 
a specific composition within a homogeneous range), 
the designation of a single vapor pressure for the phase 
region is normally meaningless. The phase will nor- 
mally be saturated at either end of its range by some 
other phase. In a binary system at fixed temperature, 
the two condensed phases together with a gaseous phase 
constitute an invariant system with a unique charac- 
teristic vapor pressure. Thus if one does not measure 
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the vapor pressure as a function of composition in a 
homogeneous range, one must normally insure that a 
saturating condensed phase is present to characterize 
the system. 

In most systems this means that one does not wish 
to use a “pure” sample which would correspond to some 
composition in the single phase region, as the system 
would not be uniquely characterized and the vapor 
pressure measurement would have no significance. 
One of the two phases which could saturate the phase in 
question must be added in order to produce a com- 
pletely characterized system before measuring the 
vapor pressure. In some instances a constant boiling 
composition exists within the homogeneous range and 
if one uses a method of vapor pressure determination 
which allows the system to approach this constant 
boiling composition, there will be a third composition 
within the homogeneous range for which the vapor 
pressure measurement can be made without char- 
acterizing the composition of the phase. This generally 
does not occur. One must verify that such a condition 
is possible and insure that the method of determination 
allows one to reach this condition before attempting to 
make a measurement on a single phase system without 


carefully specifying the composition. In some systems ~ 


the pressure may vary a millionfold across a homogene- 
ous range, and it is quite meaningless to publish vapor 
pressures for a phase as is sometimes done unless one 
has made the system invariant by adding a saturating 
phase or unless one has insured constant boiling con- 
ditions. As the constant boiling composition will in 
general vary with temperature, one must be somewhat 
cautious in using the temperature coefficient of the 
vapor pressure to obtain heats of sublimation or vapori- 
zation as the heat may not correspond to any standard 
heat unless one has corrected for the changing com- 
position of the constant boiling composition with 
temperature. 


Thermodynamic Calculations 


The prediction of chemical behavior by means of 
thermodynamic data can be seriously in error par- 
ticularly if one does not take into account the homo- 
geneous range of each phase. The thermodynamic 
data in the literature are normally given for one stand- 
ard composition. The standard states may be hypo- 
thetical and need not correspond to any actual com- 
position. In carrying out the calculations to predict 
actual behavior one must be prepared to calculate 
free energy changes for changes in composition from 
the standard state composition to the composition 
actually present at equilibrium. It is in this area that 
there is a most serious limitation to the use of thermo- 
dynamic data for prediction of chemical behavior, 
particularly in high temperature systems. This cal- 
culation of the free energy change in going from the 
standard composition to the actual equilibrium com- 
position corresponds to knowing the activity coefficient 
as a function of composition within the homogeneous 
range. We have quite good data (3, 5) for activity 
coefficients in the Fe,-.O homogeneous range and we 
are slowly accumulating data for the TiO, +. and UOs+, 
homogeneous ranges (6), but among oxide systems the 
number of systems where even fragmentary activity 
coefficient data exist are extremely small. We know 
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from the few examples that have been studied that the 
activity coefficients may vary in a complex manner in 
such homogeneous ranges. We will need much more 
data before we will be able to confidently predict 
activity coefficients in these homogeneous ranges and 
therefore reliably predict chemical equilibrium be- 
havior. 

Consider the example of the equilibrium between 
alumina solid and hydrogen gas. If the system were 
made invariant by addition of aluminum metal to 
convert the alumina to the composition which is 
saturated by aluminum metal, we could easily calcu- 
late the ratio of water to hydrogen partial pressures in 
equilibrium with the aluminum-rich alumina phase. 
However if the system had not been made invariant 
by addition of aluminum metal, the hydrogen-water 
ratio would be undefined unless we were to specify the 
composition of the alumina phase. Across the homo- 
geneous range of the alumina phase, the water to 
hydrogen ratio will vary from an extremely high value 
at the oxygen-rich end to an extremely low value at 
the metal-rich end. Having specified the initial 
alumina composition and the relative amounts of 
hydrogen and alumina, as well as the hydrogen pres- 
sure, can we predict the water partial pressure that 
will result when equilibrium prevails? There are, of 
course, a number of choices of components that one 
can use to characterize the composition of the alumina 
phase, but let us take the simplest one, namely, the 
elements aluminum and oxygen as the components. 
To solve the problem we must know the variation of the 
activity coefficient of oxygen as a function of concen- 
tration in the alumina phase. Such data are not known 
at present to my knowledge, and there appear to be no 
adequate theories for confidently predicting such ac- 
tivity coefficients. Thus the particular problem of the 
equilibrium between hydrogen and alumina cannot 
be solved with the thermodynamic data now available. 
All that we can say is that, depending upon the rela- 
tive initial amounts of hydrogen and alumina, the final 
equilibrium rutio (7) of water to hydrogen partial 
pressures will lie somewhere between 10 and 10-' 
at 1000°K. For each specific composition in the 
homogeneous range of the alumina phase there will be 
a specific value of the equilibrium water-hydrogen ratio 
somewhere between the limits indicated. Thus within 
the alumina homogeneous range we have a variation 
from an extremely powerful reducing agent to an ex- 
tremely powerful oxidizing agent. It is not surprising 
that other properties likewise show considerable varia- 
tion as a function of composition. 
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The annual meeting of the German 
Natural Scientists and Physicians was held in 1913 
at Vienna. The highlight of the meeting was Emil 
Fischer’s lecture on his investigations! on the ‘Synthesis 
of depsides, lichen substances and tannins.” During 
the introductory remarks Fischer observed that phenol 
carboxylic acids possess ‘‘the ability to form ester-like 
anhydrides with one another in such a manner that the 
carboxyl of the first molecule unites with the phenol 
group of the second” and continues “such ester-like 
anhydrides, Freudenberg? and I have named ‘dep- 
sides.’”” This was accomplished exactly fifty years 
ago, in 1910.* Fischer introduced this term “depside”’ 
from the Greek word déWev (to tan), since a typical 
depside digallic acid occurs as a part of the molecule of 
tannin from gallnuts. Also the name depside em- 
phasizes the analogy with polypeptides derived from 
simple amino acids and polysaccharides from simpler 
sugars—the two fields that were enriched by Fischer’s 
fundamental contributions. Based-on the number of 
phenol carboxylic acid units present, a given depside 
is named di-, tri- or tetra-depside. 


Synthesis of Depsides 


In a phenol carboxylic acid molecule, the hydroxyl 
groups are first protected by carbomethoxylation, and 
the carboxyl group is then activated by conversion to 
the acid chloride. The latter is allowed to react with a 
second molecule of free hydroxy acid when the hydroxyl 
para to the carboxy] group preferentially reacts forming 
the ester linkage between the two molecules. Mild 
hydrolysis of the product selectively eliminates the 
carbomethoxy groups yielding the free didepside. 
Fischer later found that acetylation was another con- 
venient method of protecting the hydroxy] groups. 

An alternate method of synthesis developed by Fis- 
cher in collaboration with his son, H. O. L. Fischer,‘ 
involves the condensation of the carbomethoxy acid 
chloride with a hydroxy aldehyde and then oxidation 
of the aldehyde to the carboxyl group. By suitable mod- 
ifications in his methods, Fischer also achieved the 
synthesis of ortho didepsides. 

Actually it was his researches in the field of polypep- 
tides that induced Fischer to take up the synthesis of 
depsides. A necessary intermediate in the synthesis of 
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Depsides: a Synthesis by Emil Fischer 


] | 
X= H;C—O—C— or H;C—C— 


X COCcI 


condensation 


{4 -coon 


KMnO, 
(O); 


dil. alk. at room 
temp. (hydrolysis) 


(HOH). 


didepside 


glycyltyrosylglycine is the acid chloride of chloracetyl- 
tyrosine. During the preparation of the latter, since 
a free phenolic hydroxy] interferes with the action of 
phosphorous pentachloride, Fischer “thought of the 
scheme of protecting the latter (phenolic hydroxy] 
group) by introducing a group which subsequently could 
be easily removed, and chose for this purpose the carbo- 
methoxy group.” “The application of this process 
to the common phenol carbonic acids is the starting 
point for’ the synthesis of various depsides. 

Fischer investigated the versatility of the carbo- 
methoxylation technique. He made a detailed study of 
the action of methyl chloroformate on various phenol 
carboxylic acids wherein the carboxyl is attached either 
to the benzene ring or to a side chain. Fischer also 
developed the method for the easy elimination, when 
required, of the carbomethoxy group. Likewise, he 
made a systematic study of the conversion of carbo- 
methoxy acids into their acid chlorides using phos- 
phorous pentachloride and explored the potentialities 
of these acid chlorides in organic syntheses; one of such 
uses proved to be in the synthesis of depsides. 

Diprotocatechuic acid, o-diorsellinic acid, di-o- 
coumaric acid, di-6-hydroxynaphthoic acid, a- 
hydroxynaphthoyl-p-hydroxybenzoic acid, and vanil- 
loyl vanillin are some of the numerous didepsides 
synthesized by Fischer and his collaborators. 
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Properties of depsides. By the action of diazomethane 
both the carboxyl and hydroxyl groups of a depside 
get methylated resulting in fully methylated esters, 
which are beautifully crystalline and melt without 
decomposition, unlike the free depsides. Consequently, 
these derivatives are very useful in characterizing the 
depsides. Some of the depsides are precipitated by 
glue solutions and form precipitates with quinine 
acetate, thus showing their similarity to tannins. 

_ Tri and tetra depsides. Fischer extended his syn- 
thetic routes to tri- and tetra-depsides also. Vanil- 
loyl-p-hydroxybenzoy]-p-hydroxybenzoic acid and tri-p- 
hydroxybenzoyl-p-hydroxybenzoic acid are examples. 


Naturally-Occurring Depsides and Tannins 


In nature, depsides occur in lichens, and the most 
common of these depsides is p-diorsellinic acid or leca- 
noric acid. Fischer made an exhaustive study of this 
compound—put forth evidence for its structure, syn- 
thesized it and proved the identity of the synthetic 
and natural samples. He also carried out a detailed 
examination of evernic acid, another naturally occur- 
ring depside. 


Fischer’s researches on depsides led to his investiga- 


tions on the more complex products presented by nature, 
the tannins—high molecular-weight substances built 


tannin had a very close resemblance with the principal 
constituent of Chinese Tannin (from gallnuts) in most 
of its properties. The resemblance was so much that 
Forster® states that ‘it is therefore justifiable to claim 
that gallotannic acid or gallnut tannin has been synthe- 
sized.” 


Conclusion 


Throughout his researches, Fischer gave due credit to 
his associates. This is best expressed in his own words: 


I have, in this investigation, enjoyed the valuable assistance 
of different young professional colleagues, whose share is evident 
from the titles of the single publications, and of these I will 
mention particularly Mr. (now Prof.) Karl Freudenberg. 


No amount of appreciation can parallel the monu- 
mental achievements of Emil Fischer in synthetic 
organic chemistry, in particular in the fields of car- 
bohydrates, proteins and purines—fields of immense 
biological significance. From the vast amount of 
accumulated literature on Fischer, it is rather difficult 
to choose which words of admiration are the best. The 
author feels that the pen of Arthur B. Lamb’ is most 
striking in this regard. Reviewing the collected works 
of Emil Fischer, he says: 


They make us realize not only the genius but also the virility and 
fecundity of Fischer’s mind. Emil Fischer surely approximated 


up from depsides and sugars. He made a thorough very nearly the ideal investigator. His discoveries were not f 

study of tannin—the tanning substance of gallnuts. accidental. He selected broad problems of capital importance, k 

These investigations have culminated in his synthesis and was not dismayed by their difficulty. He attacked them f 
‘ , : logically and aggressively. His success was indeed marvelous 

of penta (m-digalloy!)-6-glucose in collaboration with and mankind owes him an incalculable debt of gratitude. : 

Bergmann’ in 1918. It was found that this artificial 2 

6 Forster, M. O., “Emil Fischer Memorial Lecture,” J. Chem. t 

5 For biography see Anon, Chem. Eng. News, 22, 2059 (1944); Soc., 1178-79 (1920); For Forster’s biography see Anon, r 

NEvuBERGER, A., Nature, 155, 419-20 (1945); Harineron, C. R., Curr. Sci., 1, 302 (1933); Anon, Curr. Sci., 14, 141-42 (1945); 7 

J. Chem. Soc., 716-18 (1945); Ciarkeg, H. T., Science, 102, 168- SrmonsEn, J. L., Nature, 156, 13-14 (1945); Armstrona, E. F., fi 

70 (1945); McLaueuuin, G. D., J. Am. Leather Chem. Assoc., AND SIMONSEN, J. L., J. Chem. Soc., 550-57 (1946). t 

40, 2-3 (1945). 7 Lamp, A. B., J. Am. Chem. Soc., 46, 2134 (1924). . 
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Science News for Students 


: Wesleyan University (Middletown, Connecticut) announces Science and Math Weekly, a 
ia new weekly science newspaper for senior high school classes in biology, chemistry, physics, and 
mathematics. Science and Math Weekly (for senior high schools) is a companion publication to “ 
Current Science (for junior high grades), in the American Education Publications’ weekly series. 
The new weekly answers the demand of many teachers for bridging the gap between the 
textbooks and recent developments in science and science instruction. (Eprror’s Note: We 
congratulate the editors and recommend that readers of THIS JOURNAL investigate their students’ 
reactions to this publication.) The editorial staff at Wesleyan combines the efforts and experience 
of college and university teachers with high school teachers. é 
Science and Math Weekly is edited for high school classes and is also valuable for use in junior ” 
college science courses. Scheduled for publication are 32 issues during the school year. First 
issue appeared December 7, 1960. The cost per student is 50 cents per semester, $1.00 per school | 
year, in class orders of 10 or more copies. The teacher receives a free desk copy and the Teacher’s 
Editions with class orders. Subscriptions and inquiries may be sent to Science and Math Weekly, ie 
Education Center, Columbus 16, Ohio. ( 
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Ruth Botdorf 

Pennsylvania State University 
Ogontz Campus 

Abington 


i. special films be used in place of 
actual demonstrations during lectures? If this pro- 
cedure produces results with students, it may suggest 
considerable savings in time and money. The experi- 
ment here outlined sought to answer the question.! 

The experiment was conducted in a first semester 
general chemistry course at the Ogontz Campus of 
the Pennsylvania State University. The 47 students 
enrolled in the course were assigned by randomization 
to an experimental group of 23 and a control group of 
24 subjects. The first comprised 14 first semester fresh- 
men and 9 second semester freshmen; the second, 16 
first semester freshman and 8 second semester students. 
The students represented various curricula, predomi- 
nately engineering, agriculture, and chemistry. 

Eighteen 30-min kinescopic recordings (16 mm 
films made from television presentations) which had 
been prepared by the Pennsylvania State University? 
for the Department of Defense was used in about half 
of the lectures that were given to- the experimental 
group. These films heavily emphasized demonstra- 
tions. The control group received the usual class- 
room lecture demonstrations throughout the semester. 
The course in which the experiment was performed is a 
five credit course comprising two 50-min lectures, 
two 50-min recitations, and a 3-hr and 50-min labora- 
tory each week. Both groups were taught by the 
author and received the same recitation and labora- 
tory periods. 

The subject matter covered by the series of 30-min 
films is summarized as follows: 


(1) Kinds of substances; demonstrations of solidification and 
distillation. 
(2) Fundamental particles; showed Crookes tubes, Wilson 
cloud chamber, and the Geiger counter. 
(3) Elements and atoms; laws of chemical combination. 
(4) Compounds and formulas; empirical, molecular, and 
structural formulas, and energy changes accompanying chemical 
reactions. 
(5) Composition of the atmosphere; liquid nitrogen. 
(6) Structures and properties of carbon and its compounds; 
models were shown. 
(7) Behavior of gases. 
(8) Kinetic theory of gases; diffusion, velocity, and con- 
densation. 
(9) Liquids and solids; vapor pressure of various liquids. 
(10) Periodic classification of the elements; relationship of 
properties of the elements to their positions. . 
(11) Nuclear structure ‘of atoms; Rutherford’s experiment 
showing atoms contain very small, heavy nuclei. 
(12) Electronic structures; energy levels and ionization 
potentials; models. 


‘The experiment was conducted in conjunction with the 
Division of Academic Research and Services of the Pennsylvania 
State University. 

* The presentations were made by Dr. C. G. Haas, Jr., Pennsyl- 
vania State University, University Park, Pennsylvania. 


Using Filmed Demonstrations 
in General Chemistry 


(13) Electronic structure and chemical bonding; behavior 
of covalent and ionic solids. 

(14) Chemical bonds; formation of ionic and covalent sub- 
stances. 

(15) Chemical reactions; electrolysis, oxidation-reduction 
half reactions. 

(16) Solutions; concentrations. 

(17) Chemical equilibrium. 

(18) Ionic equilibria; the common ion effect, complex ions, 
and dissolution of slightly soluble substances. 

Three 50-min tests and a final examination were 
used to evaluate the experiment. These tests were of 
the multiple choice type composed of a word or sen- 
tence choice, sentence completion, equations, and 
problems consisting of empirical and true molecular 
formulas, weight-weight and weight-volume, freezing 
point depression and boiling point elevation, Faraday, 
equilibrium constant, and specific heat. 

The final results are summarized in the table below. 


Results of Chemistry Film Experiment 


Means: Means: 
film-lecture control Signifi- 
Exams group group F cance 
I 68 . 40° 63 . 66% 1.05 0.05 
II 63.38 66.79 0.02 0.05 
Ill 60 . 50° 58.432 3.23 0.05 
Final 49.29 48.95 0.10 0.05 


* Mean adjusted by covariance analysis. 


The data in the table indicate that students who 
saw the filmed lecture-demonstrations performed as 
well on tests as those who experienced live lecture- 
demonstrations. A summary evaluation of student 
opinions was generally favorable. They dppreciated 
the advantage of films for carefully planned coverage 
of more material. The greatest objection was that 
the presentation was too rapid. Repetition, inter- 
ruption for questions, or better introduction are tech- 
niques to be considered for overcoming this objection 
in the future. 


Genéral Conclusions 


Filmed lecture-demonstrations in college chemistry 
can be used at least as a partial substitute for live 
lecture-demonstrations. 

This finding has implications for courses in industry, 
in the services, or in some colleges where a sufficient 
number of experienced chemistry lecturers may not be 
available. Regular use of such films demands excellent 
projection facilities and careful planning to fit them into 
the whole classroom program. 

Short films of chemistry demonstrations would be a 
valuable resource to use in live lectures. Such films 
could cover demonstrations which take a long time to 
prepare or those that are difficult to perform reliably 
in the lecture room due to lack of laboratory controls. 


Volume 38, Number 2, February 1961 / 95 


F 
ipal 
10st 
hat 
aim 
the- 
t to 
rds: 

ance 
dent 
will 
ynu- 
etic 
car- 
ense 

Of 
cult | 
The 
nost | 
orks | 
y and 
1ated 
> not 
ance, 
them 
elous 
| 
Anon, 
945); 
F., 
| | 


Meyer M. Markowitz, Daniel A. 
Boryta, and George Capriola 
Foote Mineral Company 

Berwyn, Pennsylvania 


There are a number of applications in 
the laboratory where a device providing a uniform 
stepless heating rate would be desirable. This is par- 
ticularly true in studies using the thermal techniques 


of differential thermal analysis (DTA) (/) and thermo- 


gravimetric analysis (TGA) (2). The interpretation 
of data from both DTA and TGA is generally rendered 
less ambiguous when a controlled linear temperature 
rise prevails during an experimental determination. 
Furthermore, the results of different workers are best 
compared under the same heating program. Manual 
adjustment of the temperature rise of a furnace has 


frequently been employed through use of an auto- - 


transformer to regulate the power input to the heating 
elements (3). Thus, it is the intent of this note to 
present the details of construction of a motor driven 
variable transformer which is of simple design, incor- 
porates readily available parts, and allows for a wide 
choice of essentially linear heating rates. 

A schematic drawing of the assembled apparatus is 
given in Figure 1. The bottom end of the center shaft 
of a variable transformer! was coupled directly to the 
drive-shaft of a synchronous motor of desired rotation 
rate.2_ Torque was applied to the transformer shaft by 


1 Powerstat, Type 3PN-116, 0-140 v, 7!/2 amp, the Superior 
Electric Co., Bristol, Conn. 

2?Synchron Timing Motors, obtained from Herbach and 
Rademan, Inc., 1204 Arch St., Phila. 7, Pa.; catalogue no. 
HI-34 ('/. RPH), HI-35 (!/; RPH), HI-37 ('/, RPH), HI-39 
(1/12 RPH), and HI-40 (1/4 RPH). 
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Figure 1. Schematic drawing of motor-driven variable transformer. 
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A Motor-Driven Variable Transformer 


the motor as the motor frame lodged against one of the 
three wooden support rods. 

Figure 2 shows a representative series of heating rate 
curves as functions of the rotation rate of the motor 


700r 


TEMPERATURE, C 


= 1 2 3 4 5 
TIME, HOURS 


Figure 2. Representative heating rate curves as functions 
of motor drive-shaft rotation rate. 


shaft. The measurements were made in a small muffle 
furnace (cavity size: 4 in. X 4 in. X 5 in.) using ni- 
chrome wire heating elements drawing about 8 amp 
at 110 v. The temperature signal from a chromel- 
alumel thermocouple was continuously plotted as a 
function of time on a potentiometric recorder. It is 
usually necessary to start a program at some trans- 
former setting above 0 v in order to achieve a linear 
heating rate within a short time interval. This initial 
setting and the actual heating rate obtained at any 
given drive-shaft speed will be dependent on the con- 
figuration of the furnace assembly used. 


Literature Cited 


(1) Smotuers, W. J., anp Curana, Y., “Differential Thermal 
Analysis: Theory and Practice,’’ Chemical Publishing 
Co., Inc., New York, N. Y., 1958. 

(2) Duvat, C., “Inorganic Thermogravimetric Analysis,” 
Elsevier Publishing Co., New York, N. Y., 1953. 

(3) Markowitz, M. M., J. Phys. Chem., 62, 827 (1958). 
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Frederick M. Hornyak! 
University of Tampa 
Tampa, Florida 


This report describes a do-it-yourself 
experiment in thermochemistry using Sylvania Blue 
Dot M-2 flashbulbs as calorimeter “bombs.” As 
compensation for the lack of accuracy and precision, 
the student gains an intimate acquaintance with the 
working elements of a calorimeter; a demonstration 
experiment with standard equipment may be less satis- 
fying in this respect. In addition, certain chemical 
complications involved in the determination of a heat 
of formation are emphasized. 

The flashbulbs are filled with almost pure aluminum 
(99.00% minimum) in an atmosphere of pure oxygen. 
The flash begins when a fine tungsten filament, heated 
to incandescence, ignites primer beads of zirconium, 
potassium perchlorate, and a binder at the ends of the 
lead wires. The primer beads then generate a heat 
stream sufficient to ignite the shredded aluminum. 
The combustion lasts about 1/3 see and peak brilliance 
is reached at 13 millisec. Although a minimum of 3 
v is specified for firing, a large ignition dry cell with 
1.5 v was used and found satisfactory. 

The calorimeter is made by bending a layer of paste- 
board around a 150 ml beaker just 
below the lip and securing it with 
tape. A second layer of pasteboard 
around the beaker extends to the top 
of the lip. Then two pasteboard 
circles are cut out. One is reserved 
for the top of the calorimeter and 
the other is taped to the bottom; 
Bomb assembly. masking tape is preferred. 

A length of copper wire (20 gauge) is soldered to the 
soft metal tip of the flashbulb base. A second piece of 
wire is tightly twisted around both the bulb base and 
a wooden splint as shown in the figure. The second 
wire piece thus serves not only as a second electrical 
lead but also to secure the “bomb” within the calorim- 
eter. The bulb base is apparently an aluminum alloy 
and ordinary solder cannot be used to fasten the second 
lead. To insure good electrical contact, the metal 
surfaces should be clean, and it may be necessary to 
remove the thin plastic film partially covering the bulb 
base. A piece of Scotch tape applied to the splint 
and beaker lip at A is sufficient to hold the bomb as- 
sembly steadily in place. 

The calorimeter is completed by pipetting 100 ml 
of distilled water into the beaker and fitting a stirrer 
and thermometer (0.1 or 0.2 degree divisions) through 


The author wishes to thank Mr. D. E. Armstrong of Sylvania 
Electric Products Inc. for details of flashbulb construction. 

1 Present address, Department of Chemistry, Virginia Poly- 
technic Institute, Blacksburg, Virginia. 


A Flashbulb Bomb Calorimeter 


the pasteboard top which is subsequently taped down; 
cork borers are used to cut holes. The stirrer, made 
from 4 or 5 mm solid glass rod, has a single right-angle 
bend at the bottom with the tip flattened into a paddle 
shape. 

After firing, the maximum temperature rise is noted; 
the usual extrapolation to zero time is not employed. 
The student must then dissect the calorimeter, deter- 
mine a value for the heat capacity, and calculate the 
energy evolved in combustion. 

The heat capacity of each item in the calorimeter 
assembly is determined by multiplying its weight by 
its specific heat. The M-2 bulb was broken into its 
metal and glass components which were weighed, 
giving an estimated heat capacity of 0.8 cal/deg. 
A value of 1.0 cal/deg was assumed for the thermom- 
eter. As shown in the table the student calorimeter 
has a total heat capacity of about 113 cal/deg. The 
heat produced by the flash reaction can then be deter- 
mined from the temperature increment which should 
be about 0.80 degree centigrade. 

More accurate experiments using a Beckmann ther- 
mometer in a Dewar flask of known heat capacity 
showed that the M-2 flashbulb developed 88.1 cal; an 
average deviation of 1.8 cal. was observed. Results 
obtained with the student calorimeter were in good 
agreement with this value. 

The enthalpy change (— 200 kcal) for the reaction 


is related to the energy change in the bomb (per gram- 
atom of Al) by the equation 
AH = AE + AnRT 


or 
AE=AH + RT 


At 25° the last term amounts to only 0.45 keal. A con- 
sideration of the precision of the experiment shows that 


Calculated Heat Capacity of Calorimeter at 25° 


Heat 
Weight Capacity 
Item (g) (cal/g-deg) (cal/deg) 
Water 99.7 0.998 99.5 
Beaker 56.0 0.20 11.2 
Sopper leads 1.3 0.09 
Thermometer 1.0 
M-2 Flash- 
bulb 0.33° 0.22 0.1 
3. 50° 0.20 0.7 
Total 113.2 cal/deg 
@ Reported for Pyrex brand glass. 
Aluminum alloy. 
¢ Glass and plastic. 
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the difference between AH and AEF is not significant 
so that AE is taken to be —200 kcal/mole. A com- 
parison of the heat of the flashbulb reaction with 
AE shows that 11.9 mg of aluminum is consumed. 
Given this value, the student can measure the heat 
produced in his calorimeter and perform the above 
calculations in reverse, obtaining the heat of combustion 
of aluminum at constant volume and constant pressure. 
Finally, the latter value can be doubled giving a value 
for AH°, of 

’ Aluminum oxide, corundum, or alumina as it is 
variously called, exists in several crystalline modifica- 
tions. There is some ambiguity in a thermodynamic 
statement which gives no specification. It is found by 
x-ray diffraction that when aluminum is burned a-co- 
rundum is formed along with a type designated x-Al,O3. 
The enthalpy of transition for the conversion of x-Al,O3 
to a-Al,O; is about —10 kcal/mole, therefore doubling 
the heat of combustion of Al does not give the heat 
of formation of a-corundum; the necessary corrections 
give a final value? of about —402 kcal/mole. Another 
low temperature modification, y-AlO;, has a_ less 
negative heat of formation than a-Al,O; and is easily 


converted to the latter by application of heat. For - 


this reason (presumably) it is not formed in combustion. 


2 ScHNEIDER, A., and Gatrow, G., Z. anorg. u. allgem. Chem., 
277, 41-48 (1954). 


Since the M-2 flashlamp contains about 16 mg of 
Al foil, combustion is only about 75% complete owing 


to a lack of oxygen. Indeed, an excess of oxygen would 
lead to prohibitively high pressures at the high tem- 
perature attained during burning. The excess alumi- 
num melts during the flash and is splattered against 
the interior walls of the bulb. The P-25 (press) bulb, 
which contains about 33 mg of Al, can also be used as 
a bomb. Its larger volume makes it somewhat less 
convenient to handle; a 200 ml beaker is recommended. 
Its heat capacity is about 1.5 cal/deg. and it liberates 
about 190 cal of heat showing that 26 mg of aluminum 
is consumed. 

Recently (1958) zirconium foil has been introduced 
as a flashbulb filler. Smaller than a peanut, the Zr- 
filled Sylvania AG-1 supplies about the same amount of 
light as the M-2 which is four times its size. In general, 
zirconium burns with a light output 100% greater than 
aluminum with less pressure at the flash peak. The 
enthalpy of formation? of is —258 kcal/mole 
whereas the value for '!/2 mole of AlsOs,,.) is —200 keal. 
Hence, on an equal weight basis zirconium liberates 
much less heat than aluminum does. 


3 Thermodynamic data are taken from LATIMER, WENDELL M.., 
“The Oxidation States of the Elements and Their Potentials in 
Aqueous Solutions,’ 2nd ed., Prentice-Hall, Inc., New York, 
1952, pp. 270 and 282. 


F. C. Strong’ 
Stevens Institute of Technology 
Hoboken, New Jersey 


Examination of 62 general chemistry 
texts (high school and college) and 11 physical chem- 
istry texts at the book exhibit of the September 1959 
ACS meeting showed that many are still presenting 
Faraday’s laws of electrolysis virtually in the original 
form.? Some are replacing them with the statement 
that 96,500 coulombs (most recent value 96,489.9 
+ 2.0) passed through an electrolytic cell, will cause 
one gram equivalent weight of material to react or 
form at an electrode. The advantages of this presen- 
tation are recognized by many teachers. The following 
simple derivations of the single-equation statement, 
along the lines suggested by Noyes and Sherrill,*? may 
have interest. 

Analysis of the two laws reveals that they concern 
three variables: quantity of electricity (charge, q), 
amount of material (mass, m), and gram equivalent 
weight (m,). In each law, one variable is held constant. 
The first law states that g is proportional to m when m, 
is constant, i.e., a particular substance in a particular 


1 Present address: Inter American University, San German, 
Puerto Rico. 

2 Farapay, M., Phil. Trans. Roy. Soc. 124, 77 (1834). 

3 Noyes, A. A., AND SHERRILL, M. S., ‘‘A Course of Study in 
Chemical Principles,’ The Macmillan Co., New York, 2nd 


ed., 1938. 
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Faraday’s Laws in One Equation 


cell is being considered. The second law states that 
if g is constant, m is proportional to m,. 

A single proportionality which includes both state- 
ments is: 


m 
(1) 


since, if m, is constant, gq « m, and, if qg is constant, 


m/m, = constant or m « m,. Rewriting (1) as an 
equation: 


q = — X (constant) (2) 


Calling this constant F (for Faraday) and ao the 
number of equivalents, n: 
g = nF (3) 


is a mathematical statement of Faraday’s law. 
This form of Faraday’s law, with the definitions 


and g tat 
t 


can be used to solve readily all the general chemistry 
problems commonly given on Faraday’s laws. 
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Mel Gorman 
University of San Francisco 
San Francisco, California 


Many students of chemistry are apt to 
regard the assignment of such geometrical forms as the 
tetrahedron and octahedron to molecules and ions as a 
triumphant union of modern mathematics and twentieth 
century chemistry. Unfortunately, such a conclusion 
ignores the fact that the application of geometric 
shapes to various scientific concepts is one of the oldest 
practices in the intellectual heritage of man. In order 
to give students the opportunity to acknowledge and 
appreciate the indebtedness which we all owe to the 
ancient natural philosophers, this paper seeks to re- 
view the philosophical background which is the basis 
for modern spatial chemistry. 

One of the perennial and unifying abstractions in 
the entire history of ideas is the notion of symmetry. 
Symmetry implies an equal correspondence in size, 
shape, and relative position of parts of a whole as 
distributed about a median point, line, or plane. The 
presence of symmetry is associated with balance, pro- 
portion, harmony, and beauty. The importance of 
this subject to many fields of intellectual endeavor 
has been emphasized by various writers. The eminent 
historian of science, George Sarton (1), has said of the 
role played in science by symmetry: “[it] has always 
and will always remain one of the safest guides... 
of the scientist.” Among the classics in the field we 
may mention briefly the following: Pierre Curie 
wrote a number of memoirs on the extension of the 
concept of symmetry from the field of crystallography 
to that of physics (2). He arrived at generalities which 
were summarized very succinctly by Marie Curie (3). 
A treatment of symmetry with emphasis on chemistry 
has been given by Jaeger (4). The important role of 
symmetry in deducing the mathematical relationships 
in organic nature has been demonstrated by Thompson 
(5). Herman Weyl, who was one of this century’s 
leading mathematical physicists and philosophical 
mathematicians, has presented a superb integration of 
art and science through the principles of symmetry (6). 

It might seem that as science becomes more mathe- 
matical and less dependent on mechanical models with 


Presented before the Division of History of Chemistry at the 
137th meeting of the American Chemical Society, Cleveland, 
April, 1960. 

This paper is the partial result of independent study on a 
National Science Foundation Science Faculty Fellowship at the 
University of California. The author hereby expresses his grati- 
tude to the Foundation and the Department of Chemistry and 
the Library of the University. 


Antecedents to Modern Concepts of 
Configurational Symmetry in Chemistry 


various forms, that symmetry would diminish in im- 
portance. But this is not so. Regarding one of the 
most fundamental and abstract branches of modern 
science, theoretical physics, we find a recent writer 
(7) declaring that symmetry is one of the elements that 
pervades the logical foundations, the physical content, 
and the mathematics of almost the whole field. The 
recent jarring discovery of the nonconservation of 
parity has once again projected symmetry to the fore- 
front in the philosophy of physics (8). 

The relations between number and symmetry be- 
came known in a primitive way by early man when, 
for instance, he found that three similar objects taken 
as the spoils of war could not be divided equally among 
two warriors. Similar relations were known also as a 
matter of every day practice by the tradesmen and 
others of early civilization. However, among the first 
to formalize the principles of symmetry and numbers 
was Pythagoras (ca. 582-500 B.c.). He pointed out 
the important distinctions between odd and even 
numbers and classified numbers as triangular and 
square. The connection between geometric form and 
number became evident because the Greeks at that 
time had no numerals, so they represented the number 
of objects by an equal number of pebbles placed on the 
ground. Some numbers, made from pebhles equally 
spaced from their nearest neighbors, were of triangular 
shape (3, 6, 10). Other similarly spaced groups of 
pebbles (4, 9, 16) assumed the form of squares. 

The ancient natural philosophers did not limit their 
study of symmetry to two dimensions. The sphere, 
because of its perfection of rotational symmetry, was 
admired for itself and was utilized to satisfy the desire 
of paying homage to the grandeur of the universe. 
The Pythagoreans regarded the sphere as the most 
excellent three-dimensional figure. Aristotle assigned 
sphericity to the heavenly bodies as a tribute to the 
perfection of their sublime nature. Although the sphere 
occupied the position of greatest esteem from the 
standpoint of symmetry and was perhaps the easiest 
solid figure to comprehend, other geometric forms also 
became the objects of study, particularly the five regu- 
lar polyhedra. These are the cube, tetrahedron, octa- 
hedron, icosahedron, and dodecahedron, bounded 
respectively by the following planes: six squares, four 
equilateral triangles, 20 equilateral triangles, and 12 
regular pentagons. (The areas of the planes bounding 
a given figure must be equal.) The tradition of the 
discovery of these figures is rather confused (9). Of 
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course, it is fruitless to try to designate the first recog- 
nition or construction of the cube or tetrahedron. 
As for the origins of the other three, there is some dif- 
ference of opinion. Heath (10) and Sarton (11) be- 
lieve that the earliest Pythagoreans were acquainted 
with all five of these polyhedra. Burnet, on the basis 
of the scholia to Euclid as given by Heiberg, claims 
there is reason to believe that they were familiar only 
with the cube, tetrahedron, and dodecahedron (12). 


An interesting aspect of the history of the five regular 
polyhedra is the manner of construction, i.e., whether 
the figures were put together manually or whether 
they were deduced theoretically. The first Pythago- 
reans did not know enough geometry for the latter, 
but those figures with which they were familiar were 
made by mechanically joining appropriate numbers of 
plane figures. However, a later Pythagorean, Theae- 
tetus (ca. 415-ca. 369) was the first to write a complete 
and systematic treatise on the five regular solids, and 
he is generally given credit not only for the theoretical 
constructions (13), but also for proving that there can 
be no more than five such solid figures (14). The 
crowning conclusion of the famous “Elements” of 


Euclid (ca. 300 B.c.) is the presentation of the rigorous ~ 


theoretical construction of these solids and the deter- 
mination of the relation of the edge of a solid to the 
radius of a circumscribing sphere (15). Euclid owes 
much of the substance of his proofs to Theaetetus. 

Thus far we have been considering symmetry and 
the five regular solids from the standpoint of pure 
mathematics. Now we must examine the origins of 
the extension of these ideas to the properties of matter. 
After Empedocles (ca. 490-ca. 432 3B.c.) put forth his 
theory of the four elements (air, earth, fire, and water), 
the Pythagoreans of the time adopted his theory by 
assigning one of their favorite figures to each element. 
Earth is composed of cubes, fire of tetrahedra, air of 
octahedra, and water of icosahedra. The dodecahedron 
was associated with the divine creation of the universe 
as a whole. 

The Pythagorean theory was presented by Plato 
in the form in which it appears in his ‘“Timaeus”’ (16). 
In this dialogue, Plato proposes that the four elements 
are present in the world as a whole in certain propor- 
tions, but they may be distributed in an infinite variety 
of ways to give the many observed substances. Also, 
the faces of the elemental shapes may be of different 
sizes, and these further allow for the great multiplicity 
of bodies. With regard to penetrability and mobility, 
the elements obviously rank in the order, fire, air, 
water, and earth. Hence fire must be composed of 
tetrahedra, with sharp points; air and water must be 
made of particles with points of lesser sharpness, 
namely, octahedra and icosahedra, respectively. These 
three elements are interconvertible. By the action of 
appropriate forces, figures of a given type can be dis- 
mantled, into their equilateral triangles (or proportional 
subdivisions thereof), and then reassembled into a 
different shape. Earth, in contrast, was stable and 
immobile, and hence must be made of cubes. Although 
cubes can be rendered asunder into their square 
planes, the latter can recombine only to give the original 
earth. Hence, the latter is incapable of transforma- 
tion, and neither fire, air, nor water can be converted 
to earth, because their triangles cannot be formed into 
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a cube. On the basis of this theory, Plato offered in- 
genious explanations for a number of transformations, 
such as the change of ordinary water into its other 
two states; fusion, solidification, and corrosion of 
metals; combustion, solubility, etc. 

Although there are divergent opinions about the 
scientific attitude of Plato and the effect of his thought 
on later science (17), nobody denies that the ‘““Timaeus” 
exerted an enormous influence for centuries on subse- 
quent formulations of the philosophy of nature. Its 
Greek, Latin, and Arabic traditions are outlined by 
Sarton (18). In his introduction to this dialogue, 
Jowett (19) says: 


Of all the writings of Plato the ‘“Timaeus”’ is the most obscure 
and repulsive to the modern reader, and has nevertheless had the 
greatest influence over the ancient and medieval world. 


Stillman (20) says: 


The theories of Plato, as expressed principally in his ‘“Tim- 
aeus,” while contributing little of permanent value to science, 
exerted a great influence upon ancient and medieval notions of 
matter and its changes... 


The tradition of Plato was carried on by philosophers 
and mathematicians, not only in the Academy (which 
lasted until 529 a.p.), but in the various intellectual 
centers of the world. The rise of alchemy provided 
another vehicle of transmission of Plato’s ideas, for 
his speculations on the interconvertibility of the ele- 
ments provided a theoretical basis for the transmuta- 
tions of the alchemists. The writings of the early 
alchemists recognize Plato as their guide aad doctrinal 
authority (21), and traces of his notions can be found 
in alchemical writings even as late as the 17th century 
(22). 

In the first half of the Middle Ages, Plato was re- 
garded as the supreme authority in philosophy. As 
expressed succinctly by Shorey (23): 


The shortest cut to the study of the philosophy of the early 
Middle Ages is to commit the ““Timaeus’”’ to memory. ... The 
medieval writers paraphrased and glossed and quoted the ‘“Tim- 
aeus”’ endlessly ... The Platonic philosophy of the four elements 
was the basis of their physics and chemistry and they observed its 
resemblance to the atomic theories of Democritus . . . 


Later in the Middle Ages there was a decline in the 
study of Plato, followed by a modest revival at the 
School of Chartres (24) with the ‘“Timaeus” occupying a 
large share of attention, and finally almost a total 
eclipse by a resurgent Aristotelianism. However, 
with the Renaissance, and especially with the Platonic 
Academy of Florence, Plato’s influence reached its 
zenith. By the middle of the 15th century, the sym- 
metry of the five regular polyhedra was stimulating 
the imaginations not only of philosophers and mathe- 
maticians, but of artists as well (24). 

The grip which Plate’s mysticism could exert ove! 
the minds of men of the highest intellectual caliber is 
illustrated by Kepler (1571-1630), on the very eve o! 
the scientific revolution. While still a young mathe- 
matics lecturer, his interest in astronomy challenged 
him to find the reasons behind the numbers and sizes 
of the then known planets. Failing to discover any 
single mathematical rule, he resorted to geometry, 
placing the five regular figures within the spaces of the 
six spherical planetary orbits. Thus the six spheres of 
diminishing sizes, Saturn, Jupiter, Mars, Earth, Venus, 
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and Mercury, are separated, respectively, by the cube, 
tetrahedron, dodecahedron, octahedron, and icosahe- 


dron. With this device Kepler found that the radii 
of these spheres harmonize approximately with the 
average distance between the earth and the five other 
planets. This scheme is represented by Kepler with a 
large plate in his earliest work on cosmology (26). 
This episode in the history of science, though a product 
of fancy, is important as a vehicle of transmission of 
the concept of Platonic symmetry. Kepler placed 
the five regular polyhedra within the framework of 
early modern science. His prestige as an astronomical 
genius kept these figures from possible rejection and 
disuse, a fate suffered by many concepts of Greek origin. 

Just a few years after Kepler’s death, Platonism 
manifested itself in the writings of William Davidson 
(ca. 1593-ca. 1669), a chemist who did much to assist 
the transformation of alchemy to chemistry (27). 
He gave public instruction in chemistry at Paris, and 
for his students he published in 1633-35, a practical 
and theoretical text, ‘Philosophia Pyrotechnia,” in 
four parts. Davidson was steeped in the Platonic 
precepts of number, proportion, and geometrical sym- 
metry, and these are very prominent in the theoretical 
sections of his book. For instance, in the French edi- 
tion of 1675 (28) he devoted a whole chapter to the 
regular solids. They are portrayed most importantly, 
and are made the basis of numerous lengthy and fan- 
tastic elaborations linking their characteristics with 
chemical properties and principles. 

Chemistry matured gradually in the 17th century by 
purging itself of mystical alchemy, but the concept of 
symmetry of the regular solids, freed from Platonic 
implications, persisted in the minds of later chemists. 
Thus Dalton, commenting on some work of Berzelius, 
suggests that oxygen atoms may be regular tetrahedra 
(29). It was Wollaston, almost simultaneously with 
the postulation of the Daltonian atom, who predicted 
stereochemistry. Suggesting that the characteriza- 
tion of a compound could not be accomplished merely 
by knowing the relative numbers of combined atoms, 
he said (30), “‘we shall be obliged to acquire a geometric 
conception of their relative arrangement in all three 
dimensions of solid extension.” His forecast came to 
fruition in the work of Pasteur, Le Bel, van’t Hoff, Wis- 
licenus, and Werner. Today, even in elementary 
courses in chemistry, the cube, tetrahedron, and octa- 
hedron are presented as the symmetrical basis for a 
large portion of ionic and molecular architecture. 
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NSF Summer Institutes in Chemistry: Addendum. . . 


Adelphia College, Garden City, L. I., New York, as it has for the last three years, will once again 
have a Summer Institute for high school teachers of chemistry. Through some oversight, no 
mention is made of Adelphia College in the listing in rH1s JouRNAL, January 1961, p. 35. The 
subject matter of the institute deals mainly with bonding theory and modern instrumental methods 
of chemistry. Applications for attendance may be obtained from Dr. Howard A. Robinson at 


Adelphi College. 
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To the Editor: 


In his letter published in THIs JouRNAL, 37, 549 
(1960), Professor Keighton of Swarthmore College 
criticized the omission of that institution from the list 
of liberal arts colleges whose faculty had published 
articles abstracted in Chemical Abstracts [See THIs 
JOURNAL, 37, 316 (1960)]. I state again that my classi- 
fication was based on the designations in the 9th edition 
of the “‘College Blue Book.” The omission of an insti- 
tution which includes a school of engineering seems 
consistent. The standing of any such professional 
school would be jeopardized by failure to publish in 
recognized scientific journals. Very seldom is the same 
true of liberal arts colleges. Not only is it often possi- 
ble for professional schools to secure funds for research, 
but they often employ faculty members who give their 
full time to that activity. Again, such a condition is 
seldom encountered in liberal arts colleges. 

I regret that the adoption of this criterion may have 
resulted in the omission of worthy institutions. Their 
omission did not imply the lack of productivity in re- 
search. 


Joun R. SAMPEY 


FurMAN UNIVERSITY 
GREENVILLE, SouTH CAROLINA 


To the Editor: 


A recent article by Ricketts in TH1s JoURNAL, 37, 311 
(1960), discussed an experimental approach to qualita- 
tive analysis as an exercise in deductive reasoning. We 
have used a similar approach as a way of doing qualita- 
tive analysis in our terminal chemistry course. 

Students are assigned six cations and two sets of test 
reagents. The cations are chosen so that the separa- 
tions involved will illustrate basic principles of chemical 
equilibria. The primary test reagents are used on 
separate 0.5 ml portions of each cation. Where pre- 
cipitates form, secondary tests are carried out on 
separate portions of the precipitates. Students devise 
and use analytical schemes based on their own test re- 
sults. 

This approach teaches a great deal of chemistry and 
keeps student interest high. 


Rustin Battino 


INstrruTE OF TECHNOLOGY 
HICAGO, ILLINOIS 
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Laboratory Heating Bath Using Fluidized Solids 


Milton Manes and 

David G. Chalmers 
Pittsburgh Chemical Company 
Pittsburgh, Pennsylvania 


The laboratory heating bath described herein com- 
bines the high temperature limit of the traditional sand 
bath with the good heat transfer and temperature uni- 
formity of fluidized beds. 

The bath used in our laboratory (to heat a 2-ft. 
vertical reaction tube) consists of a nichrome-wrapped 
borosilicate glass tube, with a coarse fritted disc sealed 
near the bottom to contain the sand. Laboratory air 
enters the bottom inlet tube and passes through the 
fritted glass distributor, fluidizing the sand. For ex- 
ample, 20 X 40 mesh sand is fluidized in a 2-in. o.d. 
tube (about 30 in. in length) with air at about 20 l/min. 
Smoother operation was observed using 80 X 200 mesh 
silica gel. At 300°C, and an air flow rate of 6 l/min, a 
temperature variation of +2°C was observed from a 
point 1 in. above the distributor plate to the top of a 
10-in. bed. Further re- 
finement in technique 
should probably give 
smaller temperature va- 
riation through the usa- 
ble bed length. The high- 
est temperature sought 
has been 455°C; un- 
doubtedly one can get 
much higher tempera- 
tures with this sort of 
system. There was some 
tendency for solids to 
blow out of the bed, | 2 
which was corrected by a 
glass wool plug. 

None of the specifica- oss - 
tions or limits given here 
are critical. The system 
is recommended for its 
simplicity and its easy 
attainment of high tem- 
peratures. 


_— Borosilicate Tube 


Nichrome Heating Ribbon 


Coase Fritted Glass 
Distributor 
4 


Laboratory Air 


Laboratory heating bath using fluid- 
ized solids. 


To the Editor: 


I was very interested to read the note on Fehling’s 
test by Daniels, Rush, and Bauer in your JoURNAL re- 
cently, 37, 205 (1960). I have spent a great deal of 
time trying to convince students that this is not a 
specific test for aldehydes. Usually they do not believe 
me. When it is “in the book,” the printed word carries 
great conviction. 

I would point out, though, that Tollens reagent is 
not an “‘infallible test’? for aldehydes as stated by 
Daniels, et al. Fructose is one ketone which certainly 
reacts with Tollens reagent, and I believe that all 
a-hydroxyketones do. 


D. A. H. Taytor 


UNIvERsITY COLLEGE 
NIGERIA 
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BOOK REVIEWS 


From Atoms to Stars 


Theodore A. Ashford, St. Louis Uni- 
versity, Henry Holt & Co., New York. 
1960. ix + 645 pp. Figs. and tables. 
19 X 25am. $8.50. 


This is an excellent text, well designed 
to accomplish the purpose for which it was 
written: “to give the student an under- 
standing of the physical world as con- 
ceived by the scientists of our time.” 
The difficult points are clarified by con- 
sistent and regular use of familiar example. 
Thus, the conclusion that the Law of 
Multiple Proportions indicates that matter 


is composed of “‘packages’’ called atoms’ 


is compared with the problem of deter- 
mining whether the guests at a tea party 
sweetened their tea with granular sugar 
or with sugar cubes. 

Each chapter is composed of three to 
five sections. The first sections discuss 
the appropriate topics, indicating the 


state of current knowledge and theory. , 


The remaining sections show why we hold 
these theories to be probable and extend 
the discussion further, either qualitatively 
or, often, quantitatively. However, the 
mathematics is never difficult; and when 
it is less than easy, the engaging style of 
the author will encourage the student to 
continue diligently. I am_ particularly 
impressed with the consistent presentation 
of a theory as a concept which depends 
upon facts (rather than the converse) and 
with the very adequate discussions of 
these facts. 


——Reviewed in this Issue 


After a brief introduction, this text 
considers astronomy, then mechanics, 
electricity, light, and the structure of 
matter, each in separate chapters. The 
next six chapters discuss chemistry, mole- 
cules, the kinetic theory, reactions, the 
Periodic Table, atomic structure, and the 
relation between atomic structure and 
chemical properties. A chapter on nu- 
clear energy follows; and the text con- 
eludes with two broad chapters, one on 
the stellar universe, the other on geology. 

Each chapter concludes with a list of 
Notes and Exercises; many of the ex- 
ercises are stimulating, few require mere 
recall of textual material. An appendix 
of 13 pages summarizes mathematical 
techniques, from simple multiplication 
through exponents to trigonometry. The 
index is complete and detailed. The 
illustrations are numerous (more than 
one per page), either specifically designed 
for this text or carefully selected from 
other sources. Every illustration adds to 
the discussion in the text. 

An annotated bibliography of other 
books and of articles from the Scientific 
American is organized by chapters. 
Where appropriate, these selected refer- 
ences carry the discussion further than is 
possible in the text, and specific indica- 
tions of the proper extended references 
are made at these places in the text. 

I usually give my review copies to our 
librarian. This time, I will retain posses- 
sion and instead suggest that several 
copies be purchased. We offer no course 
that can use this text, but our students 


cations 


Second Revised Edition 


Cecil J. Schneer, The Search for Order 


parts) 


Alfred N. Martin, Physical Pharmacy 


Theodore A. Ashford, From Atoms to Stars 
R. Daudel, R. Lefebvre, and C. Moser, Quantum Chemistry: Methods and Appli- 


Walter G. Berl, Editor, Physical Methods in Chemical Analysis. Volume 1, 


H. J. Emeléus and J. 8S. Anderson, Modern Aspects of Inorganic Chemistry 
Maurice Morton, Editor, Introduction to Rubber Technology 


Garth L. Lee and Harris O. Van Orden, General Chemistry 

H. Kalmus and S. J. Hubbard, The Chemical Senses in Health and Disease 
Morris B. Jacobs, The Chemical Analysis of Air Pollutants 

Georg Lockmann, The Story of Chemistry 

Paul Pascal, Editor, Nouveau Traité de Chimie Minérale. Volume 7 (in two 


Proceedings of the International Symposium in Microchemistry 
N. H. Hartshorne and A. Stuart, Crystals and the Polarizing Microscope 


will be encouraged to refer to it neverthe- 
less. I recommend it highly, both for 
this use and as the text in a physical 
science course for students whose primary 
interests lie in other directions. 


Jay A. YounG 
King’s College 
Wilkes-Barre, Pennsylvania 


Quantum Chemistry: Methods and 
Applications 


R. Daudel, R. Lefebvre, and C. Moser, 
Centre de Mecanique Ondulatoire Ap- 
pliquee du Centre National de la 
Recherche Scientifique, Paris, France. 
Interscience Publishers, Inc., New York, 
1959. xiii + 572 pp. Figs. and tables. 
16 X 23.5cem. $14.50. 


The scope of this book is very accurately 
described by its title: it deals thoroughly 
with the procedures of quantum mechanics 
rather than its principles; herein lies 
its very major achievements =s well as 
its drawbacks. 

The book is quite unique in discussing 
in detail the various conceptual and cal- 
culational techniques by which quantum 
mechanics is applied to problems in chem- 
istry. By showing the details involved 
in the application, it goes far beyond the 
rather sketchy discussion of the principles 
of the approximation methods involved 
that are to be found in other books. It 
clearly demonstrates how quantum me- 
chanical methods can be used to calculate, 
correlate, or understand a large variety 
of phenomena of chemical interest. 

The book is divided into two parts: 
Part 1. Empirical Methods, occupying 
somewhat more than half the book, makes 
only the most limited demands on the 
reader’s mathematical training or ability. 
After a very cursory glance at generally 
important results of quantum theory and 
principles of wave mechanics it discusses 
several variants of the LCAO-MO method 
and the valence bond method in great 
detail. Separate, successive chapters 
discuss the application of these methods. 
The discussion throughout is meticulously 
clear and easy to follow. 

Part II, Nonempirical and Semiem- 
pirical Methods, requires considerably 
more mathematical sophistication. It 
discusses from a more fundamental and 
critical point of view the nature of the 
empirical methods taken up in Part I. 
It also delves further into general features 
of the problems and fundamental tech- 
niques. After a thorough discussion of 
one electron systems, the helium atom and 
the hydrogen molecule, the orbital ap- 
proximation as such for the treatment of 
polyelectronic systems is taken up in 
detail. The next chapter shows the appli- 
cation of the various approaches presented 
previously to the detailed study of two 
examples, ethylene and benzene. The 
last chapter discusses some recent devel- 
opments, especially those along the lines 
of the so-called semiempirical approach 
including those based on the Pariser and 
Parr work and Moffitt’s “Atoms in Mole- 
cules’”’ approach. A set of three ap- 
pendices deals with ancillary matters 
having higher mathematical content. 
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The absence of any treatment of the 
principles of quantum mechanics in the 
book is regrettable; an understanding 
of these is essential in order to realize that 
the importance of quantum mechanics 
far exceeds its use as a mere tool. Only 
such an understanding makes possible 
to view both the successes and failures of 
the applications in proper perspective. 
The danger of constructing imposing 
structures on most slender foundations 
can otherwise be very great. These stric- 
tures certainly apply only to the first 
part of the book, but it is there that the 
danger of “cook-book’’ application lies. 
There are a few small flaws in the book, 
partially connected with this deemphasis 
of principles. Thus, for example, the 
implication that quantum mechanics 
deals with probabilities, ‘since no ex- 
periments have as yet been devised to 
determine the trajectories of electrons 
in atoms and molecules” (p. 11) is at 
least misleading. The probabilistic ele- 
ment in quantum mechanics is very much 
more fundamental than that. 
The reminder in the book that much of 


-chemical binding can be understood on 


the basis of a very simple and immediately 
comprehensible electrostatic picture (as, 
e.g., in the treatment of the He and Li, 
and BeHe molecules, bond angles, etc.), 
is most refreshing and commendable; 
however a clear exposition of the relation 
of this picture to the formalism of the 
LCAO or VB method is lacking. The 
book is well organized and clearly written; 
the type is excellent and the indexes good. 

The flaws mentioned earlier are very 
minor and are vastly overshadowed by 
the outstanding features of the book as 
a whole. It is a first rate addition to the 
literature in an important field and, in- 
deed, in its chosen area it is unique. Used 
in conjunction with any one of the many 
books which discuss the fundamental 


' principles of quantum mechanics (on 


various levels of sophistication and mathe- 
matical complexity) it can be highly 


recommended both for self study and text- 


book use. 


E. M. 
Polytechnic Institute of Brooklyn 
Brooklyn, New York 


Physical Methods in Chemical Analysis 
Volume 1, Second Revised Edition 


Edited by Walter G. Berl, Applied 
Physics Laboratory, John Hopkins 
University, Silver Spring, Maryland. 
2nd revised ed. Academic Press, Inc., 
New York, 1960. xiv + 686 pp. Figs. 
and tables. 16 X 23.5cm. $19. 


This two volume set appeared in 
1950-51 and the second edition of Volume 
I continues the aims of the earlier edition 
(J. Cuem. Epuc., 27, 534 (1950); Ibid., 
28, 399 (1951)); namely, a description of 
“those physical methods that have either 
proved themselves of considerable value 
in quantitative analytical work or are 
destined to play an important role in the 
future.” 

The contents include: Absorption 
Phenomena of X-Rays and y-Rays 
(25 pp.), by G. L. Clark; X-Ray Diffrac- 
tion Methods As Applied to Powder and 
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Metals (100 pp.), by W. L. Davidson; 
X-Ray Diffraction as Applied to Fibers 
(53 pp.), by J. A. Howsmon and N. M. 
Walter; Spectrophotometry and Ab- 
sorptimetry (63 pp.), by W. R. Brode and 
M. E. Corning; Emission Spectrography 
(77 pp.), by J. Sherman; Infrared Spec- 
troscopy (61 pp.), by H. H. Nielsen and 
R. A. Oetjen; Raman Spectra (21 pp.), 
by J. H. Hibben; Refractive Index 
Measurement (50 pp.), by L. W. Tilton 
and J. K. Taylor; Mass Spectrometry 
(82 pp.), by C. F. Robinson; Electron 
Microscopy (70 pp.), by R. D. Heiden- 
reich and C. J. Calbrick; Electron Dif- 
fraction (41 pp.), by W. C. Bigelow. 

The coverage of the various topics is 
not comparable to the current importance 
of such topics in the literature of analytical 
chemistry; yet, each chapter is well com- 
plimented by adequate graphs, figures, 
charts, and references. As was the ear- 
lier edition, this volume will be of interest 
to teachers and industrial analytical 
chemists as a single volume reference book, 
with the realization that the scope of the 
text does not permit a complete or ex- 
haustive treatment of any of the topics. 


James M. PapPpENHAGEN 
Kenyon College 
Gambier, Ohio 


Modern Aspects of Inorganic Chemistry 


H. J. Emeléus, University of Cambridge, 
and J. S. Anderson, Director, National 
Chemical Laboratory, Great Britain. 
3rd ed. D. Van Nostrand Co., Inc., 
Princeton, New Jersey, 1960. xi + 611 
pp. Figs. and tables. 14.5 X 22 cm. 
$7.75. 


This revision of a well-known text is 
an essential purchase for those who do not 
own the previous (1952) edition. Al- 
though lengthened by only 54 pages, it 
contains a fair amount of new material, 
thanks to judicious paring, which has 
preserved virtually all the original contents 
with the exception of one chapter, Free 
Radicals of Short Life. The extent of 
revision is decidedly uneven, ranging from 
entirely new chapters to those in which the 
only changes are renumbering of figure- 
and reparagraphing. For those who al- 
ready own the second edition, a coms 
parison of the two volumes may be useful. 

The treatment of coordination com- 
pounds has been expanded to four chap- 
ters. The first two, Werner Theory and 
Inorganic Stereochemistry and Constitu- 
tion and Valency Problems, present an 
excellent, over-all view of the field, both 
classical and contemporary, as well as 
thorough discussion of the newer theories 
of the coordinate linkage, including 
x-bonding and ligand field theory. The 
third and almost completely new chapter, 
Stability and Characteristic Reactions 
of the Co-ordinate Complex, with its 
emphasis on kinetics and reaction mecha- 
nisms, reflects the increasing use of 
physicochemical methods in inorganic 
chemistry. The fourth chapter, Metal 
Carbonyls and Other z-Bonded Com- 
plexes, twice the length of its counterpart 
in the previous edition, abounds in new 
information on syntheses, structures, and 
reaction mechanisms of metal carbonyls 


and nitrosyls. Several sections are de- 
voted to electrophilic and nucleophilic 
attacks, concepts not even mentioned in 
the last edition. Entirely new sections 
on metal derivatives of saturated and 
unsaturated hydrocarbons contain ma- 
terial dating from the recent (1951) dis- 
covery of ferrocene. 

The chapter Some Interstitial and 
Non-Stoichiometric Compounds has been 
considerably expanded to take full account 
of new experimental and _ theoretical 
studies of refractory carbides, nitrides, 
and borides. Many graphitic compounds 
are discussed in terms of molecular or- 
bitals. In Recent Chemistry of the Non- 
Metals, the sections on sulfur nitrides, 
phosphonitrilic halides, interhalogen com- 
pounds, and polyhalide anions “have been 
updated. The chapter Reactions in Non- 
Aqueous Solvent Systems is now divided 
into protonic and non-protonic solvents. 
In view of recent interest in bromine 
trifluoride and metal-ammonia solutions, 
the omission of these topics might be 
questioned. 

The chapter on Valency presents more 
detailed treatments of electrovalency, 
electronegativity, and the Born-Haber 
cycle, and several sections, notably the 
one on resonance, have been rewritten 
from a molecular orbital viewpoint. 
Hydrogen and the Hydrides contains new 
material on boron hydrides and _boro- 
hydrides as well as a very necessary dis- 
cussion of salt-like hydrides, which had 
been lacking in the second edition. Radio- 
activity and Atomic Disintegration and 
Recent Chemistry of the Radioactive 
Elements now include information on 
transuranic elements through number 102. 

Six of the 17 chapters remain essentially 
the same: Atomic Structure and the 
Periodic System; Atomic Weights and 
Isotopes; The Constitution of Inorganic 
Compounds (still inadequate in its dis- 
cussion of hydrogen bonding); Poly-Acids 
and Silicates; The Peroxides and Per-. 
Acids; and Metals and Intermetallic 
Compounds. 

The book contains many useful graphs, 
tables, and diagrams. Some of the ref- 
erences are as recent as 1959. The topical 
arrangement makes individual chapters 
suitable for student reading assignments. 


GerorcE B. KauFFMAN 
Fresno State College 
Fresno, California 


Introduction to Rubber Technology 


Edited by Maurice Morton, The Univer- 
sity of Akron, Akron, Ohio. Reinhold 
Publishing Corp., New York, 1959. 
v + 547 pp. Many figs. and tables. 
16 X 23.5cm. $10. 


This book represents a compilation of 
selected lectures on rubber technology, 
designed to introduce new members of the 
rubber industry to the basic aspects of 
this field. The lectures presented under 
twenty different chapter headings, were 
selected from various courses on rubber 
technology sponsored by local rubber 
groups in all parts of the country. In 
most cases, the authors had participated 
in these courses as instructors. 


(Continued on page A108) 
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OUTSTANDING CHEMISTRY TEXTS 


Throughout its publishing history, Prentice-Hall has emphasized 
quality. Its texts are noted for combining clarity of style 
with scholastic integrity. This is especially true of the books 
published dealing with chemistry and allied fields. The many 
adoptions testify to the confidence that chemistry professors 
have shown in Prentice-Hall books. 


Atoms, Molecules and Chemical Change 


by Ernest Grunwald 9 
and Russell H. Johnsen 
both of Florida State University 


The authors have employed a particularly clear study of science, contrasting 
the macroscopic world of observation with the submicroscopic world of 
chemical theory. The organization of their text generally follows the 
historical development of each given concept for a better understanding of 
the scientific method. 


1960 252 pp. Text price: $6.25 


Introduction to Semimicro-Qualitative Analysis 


Third Edition 
by C. H. Sorum 
University of Wisconsin 


Brief enough for a one-semester course yet complete enough for the back- 
ground needed for quantitative analysis and subsequent courses in analytic 
chemistry. A new alternative test for antimony has been added and details 
of many procedures have been modified. 


1960 272 pp. Text price: $3.75 


Synthetic Inorganic Chemistry 


by William L. Jolly 
University of California, Berkeley 


Designed for the training of creative chemists, this text shows how the 
specialist in synthetic inorganic chemistry thinks. It serves the dual pu 

of supplementing the lecture material and of serving as a laboratory manual 
for a course in preparatory inorganic chemistry. 


1960 224 pp. Text price: $6.00 


Organic Chemistry 
by Keith M. Seymour, Butler University 


1961 approx. 352 pp. Text price: $6.75 
Qualitative Analysis 

by Alan F. Clifford, Purdue University 

1961 approx. 576 pp. Text price: $6.95 


For approval copies, write: Box 903, Dept. JCE 


Prentice-Hall, Inc... Englewood Cliffs. N. J. 
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Nine 
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CHECK 

VALVE 
Lightweight. Use in vacuum lines to filter 
flask. Overall length 21/4”, tube connec- 


tions long, taper to 1/4”. Priced .45 
each in case (72) lots. 


Fits standard and 
non-standard taper 
reagent bottles. 
Pours evenly, whether 
fast or slow. Will 
not drip. 
with tight - sealing 
dust cap. 
standard hollow 
stopper for cap. 


case (72) lots. 


(Made of Corrosion-Free Polyethylene 


POURING 


SPOUT 


Equipped 


Uses our 


sizes, priced 
.20 each in 


FILTERING FUNNEL 
Perfect For General Chemistry 


Designed for quick filtration—no airlock. 
65mm diameter, 60° angle, parallel stem 
60mm long and 8mm diameter. Priced 
.28 each in case (72) lots. 


Engineered For 
The Laboratory 


REAGENT DISPENSER 


The Safe Way to Handle Acids. 
Screws on any standard 5 pt. acid 
bottle and regular gallon or '/; gal- 
lon jugs. One hand operation de- 
livers reagent at about 1000nml. per 
minute. Slight pressure on relief 
valve stops flow instantly. Priced 
$3.25 each in case (36) lots. 


Send for catalog of complete line of 
unbreakable polyethylene labware 
—sold through leading supply houses. 


PIONEER PLASTICS in. 


Box 8066 Arlington Branch, Jacksonville 11, Florida 
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BOOK REVIEWS 


In general, the twenty subjects covered 
include the most important aspects of the 
field of rubber technology. A brief history 
with statistics to show the growth and 
development of rubber technology over 
the years makes interesting reading for 
scientists in other areas as well as being 
essential background for the rubber tech- 
nologists. An introduction to polymer 
chemistry is included, since the rubber 
industry has found itself more and more 
involved in synthetic rubbers. Descrip- 
tions of the various polymeric materials 
of particular importance in the rubber 
industry are also included. While more 
adequate descriptions of these polymers 
are available from specialized sources, 
the material presented in the book is 
adequate for the purpose. The book is 
not intended to be a theoretical treatise 
and therefore does not include an elaborate 
discussion of modern theories of valcaniza- 
tion, a thorough treatment of the stereo- 
chemical aspects of polymeric materials, 
nor in many cases, a summary of the chem- 
ical changes which occur in certain of the 
processes. Compounding, physical test- 
ing, and reclaimed rubber are discussed. 
A chapter on processing equipment includ- 
ing some interesting historical background 
on this phase of the industry is also in- 
cluded. 

The format is good, the tables, although 
reproduced by an offset process, are well 
done, and the book is relatively free of 
typographical errors. In general, most 
chapters are well documented; however, 
in certain instances, complete documenta- 
tion would have been an insurmountable 
task due to the voluminous amount of 
material available on the subject. 

As is to be expected, the writing style 
of the 25 contributors varies. For this 
reason, and because repetition and duplica- 
tion is difficult to avoid in an endeavor of 
this type, the editor is to be commended 
in selection of material which avoids 
excessive repetition and results in a well 
integrated summary of the aspects of 
rubber technology. 


GeorcE B. BuTLER 
University of Florida 


Gainesville 

The Search for Order 
Cecil J. Schneer, University of New 
Hampshire, Durham. Harper & 


Brothers, New York, 1960. xvii + 398 
pp. Figs. 15 K 22 cm. $6. ($4.50 
text edition.) 


The necessity for opening lines of com- 
munication between scientists and the 
general public has been recognized as 
acute in recent years. Many books and 
many courses have been created to meet 
this necessity employing a wide variety 
of approaches to the problem. This 
book is a brilliantly conceived and exe- 
cuted attempt to present to the layman 
the spirit of science. Its historical and 
philosophical insights are quite sophisti- 
cated as is the general level of treatment 


(Continued on page A110) 
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JUST PUBLISHED... 


COLLEGE CHEMISTRY—A SYSTEMATIC APPROACH, 


Second Edition 

H H. Sisler, University of Florida; Calvin A. 
Vander Werf and Arthur W. Davidson, both Uni- 
versity of Kansas 


This thoroughly revised textbook retains the struc- 
tural and chemical bond approach of the first edition. 
New features include: 

¢ Recent developments in chemical bonding, in- 
cluding important applications of the atomic and 
molecular orbital concepts 

¢ Completely fresh treatment of chemical equilib- 
rium stressing reaction rates and activation energies 
Png chapter on rocket fuels and on the chemistry 
of life 

¢ More material on nuclear chemistry 

¢ 150 new illustrations, increasing the total number 
to 250 1961, 709 pages, $7.50 


TEXTBOOK OF INORGANIC CHEMISTRY 


S. Young Tyree, University of North Carolina, and 
Kerro Knox, Bell Telephone Laboratories 


Designed for introductory courses, this textbook 
a a well-defined treatment of basic chemical 

havior and the latest theoretical concepts in 
inorganic chemistry. For each group of elements, 
organized according to the periodic table, the authors 
systematically analyze occurrence and history, prep- 
aration and physical properties of the elements, as 
well as chemical properties and uses of compounds. 


1961, 434 pages, $7.00 


WELL-ESTABLISHED TEXTS... 


GENERAL CHEMISTRY —A SYSTEMATIC APPROACH, 


Second Edition 


Harry H. Sisler, Calvin A. Vander Werf, and Arthur 
W. Davidson 


Providing a firm foundation in general chemistry on 
a logical, inductive basis, the revised edition of this 
text oa the chemical structure of matter. 
Recent developments in the chemistry of the newer 
elements, in rocketry, plastics, and medicine are 
covered. ‘The section on nuclear changes, includ- 


ing nuclear fission and nuclear fusion as sources of 


energy, and the general chapter on the metals have 
been completely rewritten. Material on atomic 
structure has been condensed by deletion of the 
obsolete parts of the Bohr theory. 


1959, 851 pages, Ill., $7.95 


Coming Spring 1961 


A SYSTEMATIC LABORATORY COURSE IN GENERAL 


CHEMISTRY, Second Edition 


Harry H. Sisler; Jay J. Stewart, E. I. du Pont de 
Nemours & Co.; and William T. Lippincott, Uni- 
versity of Florida 


GENERAL CHEMISTRY 


Luke E. Steiner, Oberlin College, and J. A. Camp- 
bell, Harvey Mudd College 

“Of the many new texts of net chemistry that 
have appeared since World War II, only a few can 
be ed exceptional in character. is volume 
definitely is in that category.” 


JOURNAL OF CHEMICAL EDUCATION 
1955, 675 pages, Ill., $7.25 


LABORATORY EXPERIMENTS IN GENERAL CHEMISTRY 
J. A. Campbell and Luke E. Steiner 


1955, 216 pages, IIl., $3.95 


PRINCIPLES OF CHEMISTRY, Sixth Edition 


Joel H. Hildebrand and Richard E. Powell, both 
University of California 

A significant number of improvements in style and 
clarity characterize this edition. Of particular note 
are the chapters on the structure of matter, prop- 
erties of the atom, chemical binding, and chemical 
kinetics. Numerous illustrations supplement the 
chapters on equilibria and oxidation. 

“The book is too well-known to require either 
introduction or recommendation. It does for itself 
far better than elaborate words of praise could do.” 


JOURNAL OF CHEMICAL EDUCATION 
1952, 444 pages, IIl., $6.00 


The Macmillan Company 60 Fifth Avenue, New York 11, N. Y. 
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BOOK REVIEWS 


of the subject matter considered. The 
author has thus chosen to deal with the 
problems of cosmology, mechanism, evolu- 
tion, field theory, relativity and the quan- 
tum mechanics. And in each case he 
succeeds in developing with force and 
vigor a perspective, the present status, 
and the probable future impact of the 
problem on the development of both 
science and society. 

The stories of the growth of the New- 
tonian world machine, organic evolution, 
and nineteenth century optimism are 
stimulatingly told. The role of mathemat- 
ics is skillfully interwoven into the story. 
The dilemmas of modern physics are pre- 
sented with clarity. 

. But, in the reviewer’s opinion, it is 


this very success which makes the book 
unsuitable for the layman or scientifically 
unsophisticated reader looking for the 
answer to the question—‘‘What is science 
all about?’ The essentially historical 
or chronological development helps to al- 
leviate this shortcoming but does not 
solve it. It seems unlikely, for example, 
that the general reader will be able to 
cope with the development of the ideas 
of Faraday and Maxwell concerning the 
electromagnetic field if he encounters them 
here for the first time. 

This is not to say that the conventional 
“gee-whiz’”’ or “pills and plastics’? ap- 
proach so often encountered in science 
writing for the layman is to be preferred. 
But rather that a certain minimum of 
familiarity with the details of science is 
necessary before its philosophical im- 
plications can be appreciated. Perhaps 


more and 
more 
laboratories 
choose 
RSCo 
Water Bath 
Shakers 


The heavy duty RSCo 
Water Bath Shaker 


Dependable and work-saving 


$ Designed for long runs without down- 
ime. 

@ Convenient in height for loading and 
inspecting. 

@ Generous in selection of speeds and 
stroke lengths. 

@ Constant in speed, with DC motor circuit, 
thyratron controlled. 

©@ Quick in adjustment of immersion depth 
without water change. 

@ Reliable in temperature control, +0.5°C. 
or better. 

@ Quiet and smooth in action. 

@ Large in capacity and in accommodation 
sizes of flasks, beakers, test 
u 


DEPT. J 


RSCo) RESEARCH SPECIALTIES CO. 


200 SOUTH GARRARD BLVD. 
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it must be conceded that understanding 
cannot be imparted in one book or one 
course no matter how clearly written or 
presented. 

However, there is no question but that 
the book is ideally suited to the scientif- 
ically literate reader. who wishes to fit 
his specialized knowledge into the broad 
historical outlines of the subject or who 
wishes to gain further insight into the 
philosophical implications of scientific 
endeavor. As Professor H. Margenau 
writes in his laudatory foreword, “I devel- 
oped a strong desire to see this sort of 
treatment in the hands of my physics and 
philosophy students.’’ It would be espe- 
cially suited to the beginning graduate 
student or senior science major who all 
too frequently has had no time in which 
to relate the subject matter of many in- 
dividual courses to the discipline as a 
whole. 

H. JOHNSEN 
Florida State University 
Tallahassee 


General Chemistry 


Garth L. Lee and Harris O. Van Orden, 
both of Utah State University, Logan. 
W. B. Saunders Co., Philadelphia, 
Pennsylvania, 1960. vi + 637 pp. 
Figs. and tables. 16.5 X 24cm. $7.25. 


Although not specifically so stated in 
the preface, this book appears to be in- 
tended for students who lack previous 
preparation in chemistry. The subject 
matter falls into three divisions: chapters 
1 to 7 covering general definitions and 
introducing atomic structure and bonding, 
chapters 8 to 26 containing a more ex- 
tensive description of the elements with 
particular emphasis on their periodic 
relationships interspersed with chapters 
dealing with principles and theories, and 
chapters 27 to 37 devoted to organic chem- 
istry. The amount of space allotted to 
organic chemistry (30%) is somewhat 
greater than is usual in a general chemistry 
textbook. 

The textual material is easy reading 
and the illustrations profuse and clear. 
The diagram showing the operation of 
the mass spectrograph (p. 27) is particu- 
larly good. A few of the illustrations, 
however, (e.g., 8.7 p. 91) do not add much 
while others (e.g., 17.5 p. 251 with ac- 
companying description) might better 
be used in a laboratory manual. Care is 
taken in working out problems so that 
the student can follow each step with ease. 
The subject of logarithms is appropriately 
introduced in an elementary and under- 
standable manner. 

In a few places terms are used which are 
not in accord with common usage. These 
include ‘decimal system” for metric 
system, “physical reactions,” ‘tanks’ 
for gas cylinders, “hydrogen salt’’ instead 
of acid salt, and “lye water’’ for sodium 
hydroxide solution. 

Some inaccurate, or at best, misleading 
statements were found; for example, 
“Bismuth ... [forms] most of its com- 
pounds by loss of the five valence elec- 
trons.”’ ‘Electron hurled from a radium 
atom.” The definition of an atom (p. 42) 
would exclude ordinary hydrogen. 
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Physical Chemistry 


Second Edition 


By FARRINGTON DANIELS and ROBERT A. AL- 
BERTY, both of the University of Wisconsin. This second 
edition of Physical Chemistry has been completely re- 
written and substantially expanded. It now covers 
more areas of modern physical chemistry than ever be- 
fore, and thus affords the instructor a selection with re- 
gard to the topics to be included in his course. 

1961. Approx. 776 pages. Prob. $8.75. 


Kinetics and Mechanism 


A Study of Homogeneous Chemical Reactions 
Second Edition 


By ARTHUR A. FROST and RALPH G. PEARSON, 
Northwestern University. The authors have thoroughly 
revised their book in order to provide both students and 
instructors with information which is completely up- 
to-date. They continue to emphasize the complexities 
of chemical reactions and the close relation of kinetics 
to mechanism. a 

1961. Approx. 432 pages. Prob. $10.00. 


Organic Coating Technology 


Volume Il 
Pigments and Pigmented Coatings 


By HENRY FLEMING PAYNE, University of Florida. 
The phenomenon of color and its measurement is dis- 
cussed together with the relation of hiding power of 
Soe to their physical-chemical characteristics. 
cific formulations are offered in support of the basic 
theory of the physics and chemistry of pigments and 

coatings. 
1961. 1363 pages. $17.50. 


Electrode Processes 


Transactions of the Symposium on 
Electrode Processes, Philadelphia, May 1959 


Edited by ERNEST: YEAGER, Western Reserve University. 
Includes all the papers presented at a symposium spon- 
sored by the Electrochemical Society, and represents the 
first time in recent years that the work of so many inter- 
nationally prominent electrochemists (from ten coun- 
tries) has been presented in one publication. 

1961. Approx. 484 pages. Prob. $20.00. 


Viscoelastic Properties of Polymers 


By JOHN D. FERRY, University of Wisconsin. In an ex- 
acting and uniform treatment of the viscoelastic proper- 
ties and behavior of polymers, the author carefully de- 
velops a discussion of the phenomenological theory of 
viscoelasticity, followed by the presentation of a wide 
variety of experimental methods and a critical appraisal 
of their applicability to polymeric materials of different 
characteristics. 

1961. Approx. 496 pages. Prob. $15.00. 


Heterocyclic Compounds 
Volume Il 


Polycyclic Compounds Containing 
Two Hetero Atoms in Different Rings. 
Compounds with Three Hetero Atoms. 


Edited by ROBERT C. ELDERFIELD, University of 
Michigan. Primary emphasis is placed on critical 
evaluation of existing information with major attention 
being given to the more recent work. As in the preced- 
ing volumes of the series, no attempt at encyclopedic 
coverage of the literature has been made. 

1961. Approx. 896 pages. Prob. $37.50. 


The Chemistry of Terpenes 


By A. R. PINDER, University of Wales. Contains the 
essentials of terpene chemistry and gives special regard 
to the reactions involved in degradation and syn- 
thesis, the interesting chemical transformations en- 
countered in the field, and some of the more recent de- 
velopments concerning stereochemistry and biosynthe- 
sis. Throughout the book verbal discussion has been 
reduced by the use of self-explanatory flow-sheets for 
many degradations and syntheses. 

1961. 223 pages. $8.00 


Microbial Cell Walls 


By MILTON R. J. SALTON, University of Manchester, 
England. Describes the general physical, chemical and 
biochemical properties of microbial cell walls which 
constitute the major structural components of micro- 
organisms. (One of the CIBA Lectures in Microbial 
Biochemistry. ) 

1961. 112 pages. Prob. $3.50. 


Order your examination copies. 


JOHN WILEY & SONS, Inc. 


440 Park Avenue South, New York 16, N. Y- 
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alterations 


For laboratories where 
water pressure is low 


Complete with overload-protected 1/3 HP, 

single-phase, induction-type motor, water 

turbine, stainless-steel water reservoir 
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BOOK REVIEWS 


There is a generous supply of questions 
and problems at the ends of the chapters, 
although some of the questions seem a 
trifle unimaginative. 

The treatment of ionization is well 
handled. In particular, an ingenious 
set of experiments is described to illustrate 
ionic equilibrium. A number of flow 
sheets are included which give a very clear 
picture of the processes under discussion. 
The principie of dipole moments is pre- 
sented with clarity. The portion on or- 
ganic chemistry is well handled, molecular 
models and reaction mechanisms being 
illustrated in a most understandable 
manner. 

On the whole, this text should prove 
quite satisfactory for the elementary 
chemistry student. 


Cari R. MELoy 
University of Illinois 
Chicago 


The Chemical Senses in Health and 
Disease 


H. Kalmus, University of London, and 
S. J. Hubbard, University College, 
London. Charles C Thomas, Publisher, 
Springfield, Illinois. vii + 95 pp. 
Figs. and tables. 15.5 xX 23.5 cm. 
$3.75. 


The authors of this little book have at- 
tempted to discuss all conceivable aspects 
of the senses of smell and taste, viz., the 
everyday uses of these senses and their 
survival value in evolutionary processes, 
the chemical nature of the stimuli, chem- 
ical and physiological theories of smelling 
and tasting, the anatomy and physiology 
of the sensory organs and nerves, genetic 
differences in perception, and the practical 
details of setting up tests for evaluating 
foods, cosmetics, repellents, etc. 

Because of this broad coverage, different 
parts of the book will appeal more or less 
strongly to different sorts of readers. 
The chemist will appreciate the discussion 
of the complexity of the chemical stimuli, 
and will be interested but disappointed 
to learn that no generally accepted theory 
yet exists relating chemical structure to 
the sensation perceived. The intelligent 
layman, which includes the chemist when 
non-chemical topics are discussed, will 
probably enjoy the sections on the role 
of chemical senses in survival and adapta- 
tion, on the comparative sensory acuity 
of primitive and civilized peoples, on the 
psychological aspects of tasting and 
smelling, and on human genetic poly- 
morphism with respect to tasting various 
substances. The physiological parts will 
be beyond the average chemist, but not 
the biochemist with a physiological back- 
ground, and the discussions of how to 
set up tests to determine whether mar- 
garine really tastes different from butter, 
or which brand of chocolate is preferred 
by schoolboys, will be of minimal interest 
to anyone outside the food and advertising 
industries. 

The more than 50 references appended 
should be sufficient to guide the reader in 
learning more (or indeed all there is to 


(Continued on page A114) 


= 

| 4 | 
BUGHLER 

PRECISION INSTRUMENTS 
BALANCE , 

A 

aS Dept. JCE, 1050 Commerce Ave., Union, N. J. 
50 


cr 


**The Outstanding Catalyst’’ 


CHEMISTRY 


Second Edition 


By 


Michell J. Sienko and Robert A. Plane 
Cornell University 


......this month McGraw-Hill publishes the Second Edition of 
SIENKO and PLANE. The authors have altered the text only 
after thorough and careful examination. The changes have 
resulted in increased depth and lucidity—neither the scope nor the 
character of the book have been altered. Here’s what the Journal 
of Chemical Education said about the first edition...... 


“It is unusual in these days of many textbooks of introductory college chemistry to find one 


which is truly novel in more than one or two resp ry’ is such a book. From the 
first glance at the attractive, almost-white aeons, toa oe perusal of > contents, one is 
d by nu fine features. It is obvious that the writing and publishing were 


conceived and carried out with considerable thought and care. The use of black, white and 
gray for the many -— ee s, diagrams, and tables gives unusual interest ‘and clarity 
to the p tion diti textual material is printed in clear, easily read type, and 
organized well for study. 


“Each chapter is headed by an appropriate illustration depicting the subject matter to follow. 
Principal sections within each chapter, as well as figures, tables, and exercises are numbered 
clearly for easy cross-reference Purposes, and the chapter and ti are carried on 
each page for convenience. Each p and ise is “labeled to suggest the principle or 
concept with which the problem deals. 


“There are eight appendixes which present supplementary terial ure; 
mathematical operations, definitions from ‘physics, the use of units in salmhedionn, data on 
vapor pressure of water and oxidation potentials, and a few general references. 


“The authors state in the preface that they ‘have been guided by the observation that students 
respond to an a challenge in proportion to the magnitude of the challenge.” Wit! 
this thought in mind, the have gone bmg y into the fundamentals of chemistry’ and covered 
‘certain topics not vada Se 1 t texts." They state their belief that ‘this 
approach does not make the subject sheer difficult ut actually makes it clearer.’ While this 
premise is undoubtedly valid, it is also most certainly true that different students have varyin: 

abilities and capacities for meeting intellectual challenges, and many a freshman will fin 
Sienko and Plane’s Chemistry a very rough re - leap, or even to climb. This or is 
not intended to detract from the for it is, indeed, well done. 
However, it is a book for students of ability, an b- as oak. it is one of the best books published to 
ate. 


“A number of recent ‘modern’ chemistry texts are organized similarly, with the first 


devoted to theoretical principles and the latter part to descriptive chemistry. Many teac a 
object to this arrangement, feeling that abstract principles and theory tend to discourage the 
beginning student before he develops a fid > in = s bj matter. The novelty of the 


presentation in this case is that so much of d istry is woven skilifully into the 
theoretical material in the form of examples and Giustretions that the objections to this ar- 
rangement are largely overcome. Much of the everyday chemistry of water, hydrogen, oxygen, 
ed een and other familiar materials is p d in this in the first half of the 


“The authors confess a they include more materials than are usually found in elementary 
chemistry texts. Probably many teachers would choose to omit a few sections here and there. 
It is a rather firm conviction of this reviewer that the os introductory course of today 
attempts too much coverage with too little depth. In this book, the depth is quite adequate, 
and the breadth of coverage in terms of subject matter areas can be left to the discretion of the 
individual teacher. 


“The bl and are plentiful and well a pogtel Types of calculations are 
onan in the text with numerous examples. The method of calculation falls just short of 
the so-called ‘factor-label’ method preferred by many. [t would not be too difficult to go the 
rest of the way by cogtingu up the. final expressions for solving, with units, in a single numerical 
expression. Section 5 of A 3 is ive of this procedure. 


“An ‘Instructors Manual’ for the teach ies the textbook. It includes a topical 
outline used by the authors for a one-year course, a list of lecture demonstrations, sample 
examinations and quizzes, a mathematical aptitutde test, a list of possible laboratory experi- 
ments, materials for special probl an to those problems for which answers 
are not given in the k. 


“In summary, this is a very worthy addition to the field of bg pm chemistry textbooks. It 
is a book which every high school and college teacher would find of value in his own library, and 
many college teachers would find it stimulating for class use. 

GRANT W. SMITH 
The Pennsylvania State University 
University Park, Pennsylvania 


Send for cepies on approval 


New Books Published by McGraw-Hill 


POLYMERIC MATERIALS 


By Charles C. Winding, Cornell Uni- 
versity, and Gordon D. Hiatt, Eastman 
Kodak Company. Ready in March, 
1961. 

Provides a reference beshpsouadt from which 


the reader can 
principles and applications ma- 
terials. An introduction to polymer chem- 
istry, molecular structure, and properties is 
followed by a treatment of fabricating meth- 
ods and applications, all involving funda- 
mentals common to a large number of different 
polymers. This material i is followed be fk a ~“ 
tailed d 

mers. 


THE DETERMINATION OF 

STABILITY CONSTANTS 

and Other Equilibrium Con- 
stants in Solution 


By F. J. C. Rossotti and Hazel S. 
Rossotti, University of Edinburgh. 
McGraw-Hill Series in Advanced Chemis- 
try. Ready in March, 1961. 


A comprehensive guide to the study of com- 
plex formation in solution. The material is 
restricted to discussion of the experimental 
and computational methods used to study 
equilibria in solution. Emphasis is therefore 
placed on methods to determine equilibrium 
constants in systems where several species 
coexist. _ Concern throughout is focused on 
the intelligent design of experiments, careful 
measurements, a rigorous mathematical 
analysis. 


EXPERIMENTS IN- 
STRUMENTAL METHODS 


By Charles N. Reilley, University of 
North Carolina; and Donald Sawyer, 
University of California, Riverside. 432 
pages, $5.95. 
In this unique manual the authors include ex- 
periments illustrating not only analytical 
applications of instruments but also whenever 
possible, the use of instruments in determining 
po physical data. Each ex- 
periment has n th = hly tested to insure 
its workability and ‘‘cook-book"’ procedures 
have been avoided. The 1 purpose of this man- 
ual is not to displace woes instrumental texts, 
but to supplement them by providing a set of 
experiments which will thoroughly test and 
rate the pri d in the 
lecture section of the course. 


THERMODYNAMICS, 
Second Edition 


By G. N. Lewis and M. Randall (Re- 
vised by Kenneth S. Pitzer and Leo 
Brewer, both of the University of Cali- 
fornia, Berkeley) McGraw-Hill Series in 
Advanced Chemistry. Ready in February 
1961 


A revision by two top men in their field of a 
1923 classic. The informal and much-admired 
style of the first edition has been retained and 
will make the book very appealing to all its 
readers. Because the last edition of the book 
was 37 years ago, there is much new material 
included in the new edition, particularly in the 
middle and late chapters. These chapters 
have now been brought up to the present fron- 
tiers ¢ thermodynamics. Illustrative ma- 
terials have been — up to date. 

fore, illustrative problems are worked out in 
considerable detail. 


McGraw-Hill Book Company, Inc. 


330 West 42nd Street 


New York 36, N. Y. 


Volume 38, Number 2, February 1961 / A113 


3 
' 
' 
' 
' 
' 
| 
| 
n 
0 


COMPLETELY 


NEW 


MICRO- SEROLOGICAL 
BATH 


Just 
What 
The 
DOCTOR 
Ordered! 


A dependable new micro-bath that can be 
‘carried anywhere for on-the-spot tests and 
analyses . . . just right for bedside blood 
pH . . . 37°C. incubations. . . 56°C. inacti- 
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requiring guaranteed uniformity . . . wide 
operating range . . . utmost convenience. 


Small size ... no sacrifice of Quality ... 


all the features that guarantee years of 


satisfactory performance. 


@ Wide Operating Range—ambient to 100°C. 

@ Guaranteed Uniformity—+0.2°C. or better 
at any temperature setting. 

@ Accurate Temperature Control — Sensitive 
(+0.1°C.) thermostat controls tempera- 
ture throughout entire range. 

@ Repeatable Settings — Heat control knob 
and reference dial for 100% repeatability. 

@ Double Wall Stainless Steel Construction — 
Seamless interior shell, smooth, imper- 
vious, easily cleaned. 

@ New Universal Rack — Holds various size 
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BOOK REVIEWS 


learn) about any specific topic which in- 
trigues him. 

In summary, if you do not know any- 
thing about the chemical senses, but would 
like to find out something about them, the 
80 pages of this book could be perused with 
profit in about an hour, if the less ap- 
pealing topics are omitted. Chapter 6, 
on diagnostic uses of smell, and on the 
changes in chemical sensory ability in 
disease, is hardly worth reading, and Chap- 
ter 7, the summary, is more confusing than 
helpful. 

PETER OESPER 
Hahnemann Medical College 
Philadelphia, Pennsylvania 


The Chemical Analysis of Air 
Pollutants 


Morris B. Jacobs, Air Pollution Control 
Consultant, New York. Volume 10 
of the Chemical Analysis Series. Inter- 
science Publishers, Inc., New York, 
1960. xviii + 430 pp. - Figs. and 
tables. 15.5 23.5em. $13.50. 


This book is Volume 10 of a “Series of 
Monographs on Analytical Chemistry and 
Its Applications’ under the editorship of 
P. J. Elving and I. M. Kolthoff. Dr. 
Jacobs is also the author of Volume 1 of 
this series, ““The Analytical Chemistry of 
Industrial Poisons, Hazards, and Solvents.”’ 

With the realization that air pollution 
is of increasing concern to civilization, 
the author has attempted to cover the 
complete scope of the topic, including 
sampling, equipment, analysis, and inter- 
pretation of results. The book is com- 
posed of 17 chapters, an appendix of 14 
tables, and an adequate subject index. 
There are tables and figures throughout 
the text. Representative chapters in- 
clude: Sampling, Sootfall and Dustfall 
Analysis, Suspended Particulate Matter, 
Sulfur-Bearing Air Pollutants, Organic 
Compounds, and Radiochemical Determi- 


nations. 


The author’s widespread knowledge of 
the problems of air pollution has produced 
a well organized text. It is unfortunate 
that the analytical chemistry portions of 
the book were not always well prepared. 
There are a number of inconsistencies in 
terminology. Thus, one finds the indis- 
criminate use of optical density, absorb- 
ance, transmission, and percentage trans- 
mittance. The reviewer objects to an 
analytical method “geared’’ to a particu- 
lar instrument. For example, on page 
44, is found “mgNH; = Klett reading x 
The proposals range from 
the use of a Cary Model 11 recording 
spectrophotometer to the use of Nessler 
tubes. Such statements as ‘compare the 
color’ and “read in spectrophotometer’’ 
may be both confusing and misleading. 
The trace and classical methods of analy- 
sis employed are, however, generally 
up-to-date and can be performed by a 
competent analyst. The passage devoted 
to vapor phase chromatography and in- 
frared techniques for organic analyses is 
very incomplete and insufficient. 

The book is the first in its field, and, for 
this reason, will be of value to all concerned 

(Continued on page A116) 
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Announcing a new 
book with essen- 
tial aspects of 
both theory and 
practice of semi- 
micro qualitative 
analysis 


CHEMICAL PROPERTIES 
AND IDENTIFICATION OF IONS 


An Introduction to Semimicro Qualitative Analysis 
By Omer K. Whipple, California State Polytechnic College 


Here is a new and sound approach beginning with 
chemistry more familiar to the student—the properties 
of anions—and progressing to the less familiar— 
the properties of cations. Laboratory study is carefully 
integrated with classroom work. 

CHEMICAL PROPERTIES AND IDENTIFICA- 
TION OF IONS is a thorough blending of theory and 
practice enabling the student to gain a better working 
knowledge of oxidation and reduction, reversible reac- 
tions and equilibrium, protolysis, hydrolysis, the solu- 
bility product constant principle, amphoterism, and 
complex ion formation. 

Based on an intensive national survey that validated the 
author’s pedagogical thesis, this introductory textbook 
has been tested in the classroom for over a period of five 
years. 
This comprehensive presentation has caused 12 pre- 
publication reviewers to consistently laud CHEMICAL 
PROPERTIES AND IDENTIFICATION OF IONS 
as ‘‘the most carefully worked out integration of theory 
and practice available.”” Available March, 1961. $3.95 


Send for copies on approval to: 


WADSWORTH PUBLISHING COMPANY 
Belmont, California 


OXFORD 
SCIENTIFIC TEXTS 


TABLES FOR PETROLEUM 
GAS/OXYGEN FLAMES 


Combustion Products 
and Thermodynamic Properties 


By I. I. BERENBLUT 
and ANNE B. DOWNES 


A series of simple tables giving in large type 
the theoretical equilibrium compositions and 
thermodynamic properties of the combustion 
products from a variety of rich Liquefied 
Petroleum Gas (LPG)/oxygen flames, and 
also the adiabatic flame temperatures of a 
selection of LPG/oxygen flames. $4.80. 


MOLECULAR 
DISTILLATION 


By GODFREY BURROWS 


This account brings together the various 
aspects of molecular distillation whi¢h re- 
quire the active cooperation of the chemist, 
the physicist and the engineer whenever 
practical applications of the process are 
made, helping each to understand the work 
of the others as well as his own field. 


Monographs on the Physics and Chemistry of 
Materials. $5.60 


At all bookstores 
OXFORD UNIVERSITY PRESS 


New York 16 
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BOOK REVIEWS 


with air pollution problems. It is suitable 
both for use as a textbook at the university 
level and as a book for reference. 


JAMES M. PAPPENHAGEN 
Kenyon College 
Gambier, Ohio 


The Story of Chemistry 


Georg Lockemann. 
brary, Inc., New York, 1959. 
12 X 19cm. $4.75. 


Reading this book is a pleasure. Locke- 
mann writes in a sprightly manner, not 
often the case with historians of chemistry, 
and he has a sense of humor that enlivens 
the work. His pleasant easy-going style 
is illustrated by the following passage: 
“Priestley] was a fanatic of religious free- 


Philosophical Li- 
277 pp. 


thought who could tolerate no ideas be- 
sides his own. Since he was also a brave 
and doughty fighter he could not remain 
for long at peace with his surroundings. . . . 
Once when he managed to stay beyond 
that term apparently fixed for him by 
nature, a raging mob set fire to the roof 
over his head and he barely escaped with 
his life.... Finally, having broken with 
one and all, he emigrated to America 
in 1794. He refused the offer of a pro- 
fessorship at the University of Phila- 
delphia and spent ten years as a farmer 
in the area of the sources of the Susque- 
hanna. There he died at 71, apparently 
the victim of a poisoning; but it is by 
no means certain that his wild life ended 
that way.” 

Lockemann’s statement about Priestley 
being poisoned is one of the oddest fables 
in chemistry and one that has been pop- 
ping up in European histories for more 
than a century. It is a mystery who 


_unbreakable 
.and keeps: 
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New leakproof spigot—with 
Teflon® O-rings at knob 
and at extension into rein- 
forced carboy body—turns 
on easy as a faucet, turns 
off with never a drip. 


started this myth, and it is remarkable 
that an otherwise careful historizn would 
be snared by this old tale, particularly 
when there are so many carefully docu- 
mented papers available concerning Priest- 
ley’s life in America. 

Lockemann writes from the viewpoint 


of a German historian. That is, he is 
thoroughly familiar with the history of 
German chemistry. He is perhaps less 
familiar with the history of European 
chemistry, but he is hardly familiar with 
American chemistry. He mentions only 
25 Americans out of the more than 1600 
persons listed in the index. He says 
practically nothing about chemical in- 
dustry in the United States, although in- 
formation on this subject has been availa- 
ble for years in Williams Haynes’ 6 volume 
“American Chemical Industry.’”’ As a 
result the book appears to be a bit lop- 
sided. 

The physical make-up of the book re- 
quires some comment. First, there are 
no illustrations. This will not weigh un- 
duly with a reader who is already familiar 
with history of chemistry, but it may dull 
the volume for someone who is using the 
book as an introduction to history. 
Secondly, it has no references. This may 
or may not be a drawback, depending 
on whether the reader is reading for 
pleasure or for information, and whether 
the reader has access to other works. 
Finally, it has no subject index. Again, 
this may or may not be an inconvenience, 
depending on the purpose of the reader. 

This book would not be suitable for 
a text, but it would certainly be interesting 
collateral reading for a series of lectures on 
history of chemistry. Any chemist will 
enjoy it as light reading. 


WynpuHaM D. MILEs 
The National Archives 
Washington, D. C. 


Nouveau Traite de Chimie Minerale. 
Volume 7 (in two parts) 


Edited by Paul Pascal, Sorbonne. 
Masson et Cie, Paris, 1959. Two 
volumes totalling xxxix + 1474 pp. 
551 figures, 363 tables. 17.5 X 26 cm. 
200 NF. 


The division of Volume 7 of Pascal’s 
new treatise into two separate parts ap- 
pears to have been done more for the con- 
venience of binding than for logical separa- 
tion of material. Paging is continuous, 
and a single index appears at the end of 
part two of the set. The volume is con- 
cerned with scandium, yttrium, the rare 
earth elements, and actinium, but scan- 
dium and yttrium are not considered 
separately from the lanthanides here, so 
that all but the last 60 pages may be 
considered to be a treatise on the rare 
earths. All material, except that on 
actinium by G. Bouissieres, was written 
jointly by Trombe, Loriers, Gaume— 
Mahn, and La Blanchetais. 

These authors have produced an ex- 
cellent piece of work on the rare earths, 
particularly on mineral sources, general 
methods of separation, chemical and 
physical properties, and separation by 
ion exchange. The treatment on metal- 


(Continued on page A118) 


2 
= 
Nalge 
make em 
= 
| 


WATERS 


RECORDING DIFFERENTIAL 
REFRACTOMETER 


REFRACTOMETER BUILT WITHIN 
RECORDER CASE 

FULL SCALE TO O.2 R.I. 
SENSITIVITY O.OOOO0OO 7 


¢ SALINITY 


vs 


* CHROMATOGRAPHY ¢ LIQUIDS 


REFRACTOMETERS 


RESEARCH 


* BRIX * QUALITY CONTROL 


DIGITAL INDICATING 
DIFFERENTIAL REFRACTOMETER 


FULL SCALE RANGES-—0O.0005 TO O.2 
SENSITIVITY O.0COOOO0OS R.!I. 
CASE 12 IN. X S&S IN. X 7 IN. 


BULLETIN 3-1770 DIGITAL REFRACTOMETER 
BULLETIN 2-1660 RECORDING REFRACTOMETER 


WATERS ASSOCIATES 
45 FRANKLIN ST. 
FRAMINGHAM, MASS. 


mM 


For many years 


i COORS PORCELAIN COMPANY 
has manufactured ceramic tubes of the 


and sizes. 


GOLDEN, COLORADO 


Coors PorcELAIN COMPANY 


highest quality —in a wide variety of styles 


From the selection of the finest obtainable 
materials through the forming, finishing 
and firing to the inspection and packing of 
the finished product the closest attention is 
paid to quality control. This care results in 
tubes of exceptional value and uniformity. 


Volume 38, Number 2, February 1961 / A117 


| 
| | 
‘ 
qs 
BY 
WRITE FOR PRICE LIST 
| 


NEW! 
WACO TITRATOR 


... for Karl Fischer Moistures 


At $268.00 complete, the new 
WACO for Karl Fischer moisture 
determinations now features 
NO-DIP, BALL JOINT Pyrex glass- 
ware... plus Drain Flask, WACO 
magnetic stirrer . . . for every 
application! Hundreds of users 
of the original WACO may also 
modernize as parts are INTER- 


CHANGEABLE! 


WRITE FOR THIS,BULLETIN E-10 


LABORATORY SUPPLIES AND EQUIPMENT 


WILKENS-ANDERSON CO. 


4525 W. DIVISION ST. CHICAGO 51, ILL. 


A118 / Journal of Chemical Education 


lurgy is also quite good. The historical 
section presents considerable information 
in the space allotted. 

The section on actinium consists of 
but 34 pages, and the literature search 
for it was conducted through 1959. 
Modern treatment has been given to its 
isotopes, nuclear properties, preparation, 
separation, and chemical properties. The 
literature searches for the rare earths were 
not conducted systematically beyond 
December 31, 1954, in most cases. Of 
the 56 bibliographic lists, only one went 
through 1958, five through 1957, and three 
through 1956, despite publication date 
of 1959. Despite a few such drawbacks, 
the volume is an excellent work and fills 
a need for a comprehensive reference book 
on the rare earths which uses modern con- 
cepts. 

Rocer V. KrumM 
University of Florida 
Gainesville 


Proceedings of the International Sym- 
posium in Microchemistry 


Published for The Society for Analytical 
Chemistry, Pergamon Press, Inc., New 
York, 1960. xxvi + 583 pp. Many 
figs. and tables. 18 X 25.5cem. $15. 


The Symposium on Microchemistry 
held at Birmingham University in August, 
1958, was attended by over 400 analytical 
chemists including 110 from 25 countries 
outside the United Kingdom. Many of 
these participated in the extensive dis- 
cussions which are reported after most of 
the 60 papers in these proceedings. 

R. C. Chirnside’s remarks on page 498 
are worth quoting: ‘“‘At the outset I must 
declare myself a heretic for I have never 
been completely convinced that there is 
such a thing as microchemistry or even 
microchemical analysis. To what indeed 
does the ‘micro’ refer; to the chemistry, 
to the sample, to the quantity of the sub- 
stance to be determined, to the size of the 
apparatus, or even to the stature of the 
analyst? Having studied the whole pro- 
gramme of the Symposium I am no nearer 
a definition; indeed the range and variety 
of topics and techniques discussed are 
such that I am confirmed in my heresy.” 

With this concession in the use of the 
term “microchemistry,’’ the reader will 
enjoy the authors’ accounts of their re- 
search on nearly every analytical tech- 
nique that can be considered “micro” 
in any sense. Included are evaluations, 
trends and forecasts, specific applications, 
descriptions of specific laboratories, and 
training. All of the papers are extremely 
well written—even the foreign papers have 
been cast in the style of the English 
authors. Major topics and authors are: 
Qualitative Micro-analysis, Feigl, Welcher, 
West, and Weisz; The Decomposition 
of Organic Matter, Diehl and Smith, 
and Pijck, et al.; Weighing, Hodsman and 
Corner; Classical Methods for the Deter- 
mination of Elements, Groups and Physi- 
cal Constants, Lieb, Schéniger, Malissa, 
Colson, Levy, Kirsten, Hersch, Ma, 
Veibel, Stephen, and Sobotko; Biochem- 
ical Methods, Adamson and Simpson, 
Nicholas, and Rosen; Chromatography, 
Crouch and Swainbank, Grand-Clement, 


(Continued on page A121} 
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in large, vivid detail. Tested demonstrations and 
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istry, physics and biology. 
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Used in demonstrations of 
color reactions, crystalliza- 
tions, titrations, precipita- 
tions, etc. 


ELECTROLYSIS CELLS 


Vivid demonstrations of 
electrolysis and electro- 
plating allow students to 
study every detail. 
ELECTROSCOPE 

Its magnified action can 


be observed by even the 
farthest student. 
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screen while in operation. 
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Notes, diagrams, etc. are 
projected as you write 
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New... 
TEN YEAR CUMULATIVE INDEX 


sournat of Chemical Education 


Volumes 26 through 35 
(1949-1958) 


This index has been prepared with the special 
interests of the J.-Chem.-Ed. user in mind. 
Not only are the conventional entries made by 
author, title, and inverted title, but many sug- 
gestive subject listings have been used. For ex- 
ample, reference to an article entitled ‘Infrared 
Spectra of Chemisorbed Molecules” can be 
found under “acetylene,” one of the com- 
pounds discussed. Preparation of the index 
involved hundreds of hours of careful checking 
not only of annual indexes, but the original arti- 
ticles for subject content. 


For the busy teacher the index will be a valu- 
able time saver. Students will find it to be an 
excellent place to start on a term paper assign- 
ment. For those preparing text or laboratory 
materials it will be an indispensable first-place- 
to-look for reference to both J. Chem. Educ.- 
type review articles and to reports of successful 
experiments in teaching. The more than 5000 
subscribers who have begun their personal files 
of the Journal in recent years will find that this 
one small volume puts extra years of the “living 
textbook of chemistry”’ on their shelves. 


$2.59 per copy 
(POSTPAID) 


Special offer 


SAVE 
10 year Cumulative Index 
25 year Cumulative Index 
$4.00 


Buy both for only $4.50* 


* A limited number of copies of the 25 year Cumulative 
Index have been set aside for this special offer. Take 
advantage of this saving by ordering todayl 


CHEMICAL EDUCATION PUBLISHING CO. 


20th & Northampton Streets 


Easton, Pennsylvania 


This 100-page book on the desiccating agent 
which has served the chemical and engineering 
industries for 25 years will be sent to you without 
obligation. 


“DRIERITE AND ITS APPLICATIONS” 
provides useful data on the relations of water 
vapor to air and other gases, an outline of the 
properties and behavior of DRIERITE, and 
illustrations of equipment designed for particu- 
larly drying processes. 


The original scientific papers are reprinted in 
full: 


SOLUBLE ANHYDRITE AS A 
DESICCATING AGENT 


1. Preparation & General Characteristics 
2. Drying of Organic Liquids 


The book is completely indexed with many 
references to regeneration, laboratory pro- 


cedures and methods, and industrial practices. 


There will be no sales follow-up to your request. 


W. A. HAMMOND DRIERITE COMPANY 


Xenia, Ohio 
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FOR ACCURATE, INSTANTANEOUS TEMPERATURE READINGS... 
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Free 
catalog 
of high school 
science-teaching aids 


¥ 


soon 
MATERALS 


He is a comprehensive source for 
tested science materials, geared 


specifically to teachers’ classroom and : Portable ELECTRIC THERMOMETER 


laboratory needs. 48-page illustrated 


catalog describes nearly 1000 items of —s Model TES 
educator-approved equipment and pe © Accurate to 0.1% C. 

books ranging from astronomy to zo- boll 


materials suitable for individual and 
group projects by students. For free e mie 3 is indicated by a sharp light spot on a large easy-to-read 
ial. 


copy, write to: Dept. M-211. 
® Connection box Model FE is used for examinations in which more than 
. ‘two applicators are employed simultaneously. 
@ Thermometer operotes on the thermo-couple principle. 
© Instrument incorporates automatic room temperature compensator. 
© Currently used in leading research laboratories, universities, hospitals, 
etc. References on request. 


' A Division of The Library of Science 


SCIENCE MATERIALS CENTER 
59 Fourth Avenue, New York 3, N.Y. gS 


Write for specifications ond prices. 


West Broadway, N. ¥. 7, 


a 


Presenting the Worldi First and Ginest 


AUTOMATIC 
RECORDING SPECTROPOLARIMETER 


FOR ROTATORY DISPERSION AND OPTICAL ROTATION KINETICS 


e BASIC SENSITIVITY: 0.001° arc 


e WAVELENGTH RANGE: 
200 to 700 millimicrons 


e THREE OPTICAL ROTATION RANGES: 
2°, 20° and 200° dextro or levo 


e ZERO OPTICAL ROTATION POSITION 
is adjustable along vertical recorder axis 


e NINE SCANNING SPEEDS 


e WAVELENGTH AND TIME-BASE 
DRIVES are easily interchangeable 


RUDOLPH INSTRUMENTS ENGINEERING CO., INC. 


P. O. Box 265 LITTLE FALLS NEW JERSEY U. S. A. 
OFFICE: TELEPHONE: 
61 Stevens Ave. at Walnut St. CLifford 6-1491 


Model #260/655/850/810 — 614 
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BOOK REVIEWS 


et al., Jones, and Kemula; Polarography, 
Semerano, Kemula, Kalooda, and Zuman; 
Radiochemistry, Winteringham, James, 
Bryant, et al., and Gibbons; Spectro- 
chemical Methods, Marti, Garton, Mor- 
ton, Bellamy and Williams, Philpotts 
and Maddams, and Miller and Willis; 
Titrimetry, Bobtelsky, Stock, Reilley, 
Mattock, Williams and Brooks, and 
Lacourt; Complexometry, Pribil, West, 
Cheng, Ko6rés, and Reilley; Industrial 
Applications, Haslam, Chirnside, and 
Whalley; Teaching, Benedetti-Pichler, 
Zacherl and van Nieuwenburg; Ap- 
paratus, Steyermark. The Symposium 
concluded with Belcher’s Plenary Lecture 
on British Contributions. 

It is difficult to single out individual 
papers for comment in the space available. 
The papers on methods and techniques 
will be valuable to all analytical chemists 
as concise summaries of current practise. 
Brief reviews of theoretical principles and 
key references are given. 

This summary of the work and re- 
flections of a distinguished group of chem- 
ists is recommended to all analytical chem- 
ists. The only regret is that it takes two 
years to make the material available to 
those who were not fortunate enough to 
attend this stimulating Symposium. 


Rosert L. Pecsox 
University of California 


Los Angeles 


Crystals and the Polarizing Microscope 


N. H. Hartshorne, University of Leeds, 
England, and A. Stuart, University 
of Exeter, England. 3rd ed. St. 
Martin’s Press, Inc., New York, 1960. 
xv + 557 pp. Figs. and tables. 14.5 
X 22cm. $17.50. 


This edition as well as the previous 
publication is primarily aimed at those 
persons desirous of knowledge of crystals, 
their growth, and study. It must become 
apparent to the serious chemist that much 
useful information can be gained about 
compounds by use of the polarizing micro- 
scope. In view of the diminishing number 
of trained and qualified optical mi- 
croscopists this book makes a good attempt 
to explain to the reader the valuable but 
also rather difficult science of crystals, 
their transformation, and methods of 
study by the use of rather little known (to 
the non-microscopist ) equipment. 

The 13 chapters and 544 pages of this 
publication (12 chapters and 462 pages in 
the 2nd edition) contain in general most 
of the information present in the previous 
edition. There has been some rearrange- 
ment of topics to create another chapter 
and to present a more logical arrangement 
of information. Most of the contents of 
whole chapters remains essentially un- 
changed, but there have been worthwhile 
topics added such as the discussion on 
crystal growth mechanism. While this 
information has been known and spoken of 
for many years by a few persons in mi- 
croscopy, far too few scientists recognize 
its importance. The authors present this 
subject in a concise and clear manner. 
Its addition helps to make a more complete 
presentation of crystals, different types 


of crystals, their description, and methods 
of study. 

The chapter concerning hot and cold 
stages has been modernized. The methods 
of study of the effect of temperature 
changes on mounting media (liquids) and 
the specimen variation are shown to yield 
much useful information which cannot be 
obtained by use of only one temperature. 
Not only are differences in refractive in- 
dices obtainable but also phase changes, 
identification by mixed melting points, 
ete. 

In general the real value of this edition 
as well as the second edition is in the 
clarity and directness of presentation. 
The information on the difficult science of 
examination of crystals and textile fibers 
by the polarizing microscope is so well 
given so as to be a microscopist’s hand- 
book for reference purposes. The univer- 
sal stage and its use, for instance, are 
described so as to make its use relatively 
easy. Any college course in microscopy or 
chemical microscopy will be enriched by 
the frequent use of this book. 

In summation it may be said that this 
third edition contains a few items more 
than the second edition. For those chem- 
ists who do not now own the earlier edition, 
it will be a good addition to your personal 
library. 

Ray R. KramMMeEs 
American Cyanamid Company 
Bound Brook, New Jersey 


Physical Pharmacy 


Alfred N. Martin, Purdue University 
School of Pharmacy, Lafayette, Indiana. 
Lea & Febiger, Philadelphia, 1960. 
692 pp. Figs. and tables. 16 x 24 
em. $15. 


This book combines the basic concepts 
of classical physical chemistry with ap- 
plications to pharmacy and medicine. 
Methods used in measuring the physical- 
chemical constants of medicinal chemicals 
makes the text invaluable to the study of 
pharmacy. The basic physical chemistry 
concepts are presented in such a way that 
the student is able to apply them to 
problems involving standardization, sta- 
bility and absorption of drugs and drug 
products. Numerous examples of such 
applications are to be found in the text. 

Although the calculus is used in the 
derivation of several of the fundamental 
equations, it is not a prerequisite to using 
the book. The explanations given and 
the problems included require only fresh- 


man mathematics for their understanding- 


and solution. 

The text is well written on good paper 
and is well illustrated. Wide use of tables 
and line drawings lend to the ease of under- 
standing. It is up-to-date in all respects. 

Despite the fact that the text is written 
primarily for pharmacy students and 
manufacturing pharmacists, it serves also 
as an ideal text for use in the premedical 
program as well as in any beginning course 
in physical chemistry. The emphasis 
on drugs and problems involving drugs 
makes the text readable and interesting 
to most students of physical chemistry. 


N. M. Fereuson 
University of Houston 
Houston, Texas 
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Heating 
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@ The standard flexible heater of labora- 
tories throughout the country. 

@ More heat, more economical in price 
and operation. 

@ All types and sizes available for im- 
mediate shipment. 

@ Micro, standard insulated, heavy insu- 
lated, silicone rubber embedded and 


Style 


Radically improved 


BRISKEAT 


Heating 


JACKETS 


@ Rigid housing — flexible interior. 

@ No increase in price. 

@ Immediate shipment from stock. 

@ Soft Vinyl covered style also 
available. 

@ Please write for literature and 
complete listing. 

@ Available through selected 
laboratory supply houses. 


For prompt service on 
special items, send us a 
sketch with specifi- 
cations, 


MANUFACTURING COMPA 
Manufacturers of 


T Line of Heating 
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To solve your problems in 


e WATER BATH CONTROL e METER RELAYS 
e OTHER LOW CURRENT CONTACT DEVICES 


use our Model 101 Electronic Relay 


Inquire about this compact, 
rugged unit with its oversized, 
heavy duty UL (guaranteed) 
cord. Used in many college 
and industrial labs. 


54g°° complete 
Immediate delivery from sole agent 


BERKELEY INSTRUMENT CO. 
P.O. Box 346 e Berkeley Heights, N. J. 


Disposable 
Paper Beaker 


(Graduated) 


For weighing and mixing sam- 
ples that are eer sticky, 
“mean to handle” 
paint resins, high 

lymers, 


100 ml. size 


Use and throw away—save time 


Trial lot of 50 beakers $2.00 
500 for 12.50; 1000 for 22.00 


Now available: 400 ml. size 
Trial lot 50 beakers $4.50 +4 
200 8.00 
500 50 
Samples on request 


R. P. Cargille Laboratories, Inc. 
117 Liberty Street, New York 6, N. Y. 


RARE and FINE ORGANICS 
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o-Bromo biphenyl 

o-lodo biphenyl 
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Nitroso methyl urea 
Pyridine-2,3 & 4-Aldehydes 
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cally for the 
Chemist and 
Technologist. 
Economical — 
Simple Assembly 
—Trouble Free. 
2 to 12 oz. capa- 
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STAINLESS BENCH MODEL 
STEEL LABORATORY 
HAND HOMOGENIZER 
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Designed specifi- high pressure, 


Homogenizer of 
advance design. 
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batch process- 
ing. 30 cc’s to 8 
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pressure pump. 


WRITE FOR LITERATURE 
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Journal of 
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for more data on prod- 
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Ion Exchange Resins? 


(Prepared from Dowex Resins) 
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SPECIFY KERN 
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combine accuracy 

and efficiency in a 
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a moderate price 
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KERN 
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POLARIMETER 


available through your lab supply dealer 
Ask for Bulletin KP 567 


KERN COMPANY 
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e@ Sodium Carraghenate 

@ Sodium Chloroplatinate 
Sodium Dithionite 

e Sodium Fluoroacetate 
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e 123 Crystal lattice models 
catalogued. (Unlisted 
models made to order.) 


e Ball and Spoke set. 50 balls 
with 26 holes in each ball 
with 100 — spokes, for as- 
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lattices. 


@ School Set, for visualizing 
basic chemical compositions. 
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© Organic Chemistry set. Pro- 
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tions of stereochemistry. 
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‘...a fine idea, well conceived and well executed.” 
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_ interest and help to chemistry students and teachers.” 


“|, .very interesting ...a fine start on what could develop into 


a series.” 
‘A handsome, interesting and very useful book.” 


84” x 114 illustrated 


Single copies 
10-19 copies 
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2nd Printing 
SUPPLEMENTARY READINGS FOR 


CHEMICAL BOND APPROACH 
Complied by ROBERT K. FITZGEREL 
ond WILLIAM F. KIEFFER, Editor 
JOURNAL OF CHEMICAL EDUCATION 


*“These articles continue from the point a textbook is 
forced to stop” **You have under one cover the best 
collection of articles to stimulate students to seek answers 
on their own that I have ever seen’”’. . . “‘I am pleased to 
find so many of the excellent summaries of modern theory 


which have made the Journal indispensable to me and my 


studen 


Comments like these have prompted our making available 
to an unrestricted market the volume of ‘‘Supplementary 
Readings” originally compiled for use as resource material 
by those engaged in the NSF-sponsored experimental 
course, ‘“The Chemical Bond Approach.” 

Old friends of the Journal will find some classics such as 
Fernelius and Robey’s ‘‘Metallic State’ (1935), the De- 
Vault series (1944), Campbell on ‘“‘size’’ (1946), Noller on 
“orbitals” (1950), etc ew friends will find 1959 favorites 
such as the articles by Taube, Price and Kimball and Loebl. 
Many modern interpretations of chemical bonding are 
developed further than usually found in textbooks. The 
variety of approaches is itself stimulating to the inquiring 
reader. The obvious feature common to the whole col- 
lection is that these have been written by authors whose 
successful experience with students has shaped their 
presentation. 
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VARIABLE DC SPEEDS FROM AC LINES ) 


@ Thyratron tubes on the Heller 
GT-21 controller supply demanded 
current by converting power in 
stepless variation to the direct 
current motor. Assures constant 
torque as mixes become either 


Order from your Laboratory Supply Dealer or write— 


GERALD K. HELLER CO. 


2673 South Western Street © Las Vegas, Nevada © P.O. Box 4426 


viscous or fluid. Variable, reversi- 
ble motor has direct and gear 
drive. Armature shaft speed, 
0-5000 rpm. Gear shaft 18:1 ratio. 
Chuck, shafts, 3-step pulley 
included, 


SINCE 1909 


...on tap! 


a product of 


EYE/FACE-WASH 


Another Haws “first”! Six spray nozzles ring this extra large 
stainless steel bowl — setting up.a feather-soft “field of wa- 
ter” to instantly rid eyes, facial areas, even the entire head 
of searing chemicals. Less spillage, more coverage for first 
aid until medical help arrives. Haws means positive safety! 
Write for illustrated catalog today! 


HAWS DRINKING FAUCET COMPANY 


1443 Fourth Street « Berkeley 10, Calif. 


EXPORT DEPT.: 19 Columbus Avenue, San Francisco 11, California, U.S.A. 
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Ready in April — the New Second Edition of 


INTRODUCTORY CHEMISTRY 


by O. W. NITZ, Professor of Chemistry, Stout State College 


Throughout this major revision of his popular text, Professor Nitz has developed the theoretical 
framework more rigorously while maintaining the original edition’s clarity and readability. 
Introductory Chemistry is designed for full year courses in general chemistry, particularly for stu- 
dents who are not majoring in chemistry. The text includes 266 illustrations, chapter summaries, 
reading lists, and extensive exercises. 


The revision stems from the suggestions of teachers who have used the original edition in their 


classes. Among the principal changes are: 


%a completely reorganized and modernized 
chapter on nuclear transformations; 


%* a rewritten and expanded chapter on chemical 
equations and reactions; 


% a new chapter on compound formation; 


*a rewritten chapter on redox equations, in- 
cluding both the ion-electron method and the 
change in oxidation number method of balanc- 
ing equations; 


*a greatly extended section on biochemistry, 
including the chemistry of foods, digestion, 
and metabolism; 


*%an expanded chapter on organic chemistry 
which serves as background for the added ma- 
terial on biochemistry; 


* up-to-date, reorganized chapters on such in- 
dustrial fields as petroleum, plastics, synthetic 
rubber, paints, and detergents. 


April, 1961 550 pages about $6.75 


Comments on the First Edition 


“The basic concepts of chemistry are all care- 
fully introduced; this is in no sense a survey 
book. The material is presented in an interest- 
ing manner, and historical and illustrative ma- 
terial is included to make the text readable . . 


“This book is one of the best to be written for 
students who will take no more than one year of 
chemistry. The presentation is clear and in- 
teresting, sound and accurate, and the author 
has attempted to relate the subjects under dis- 
cussion to everyday living.” Arthur Roe of 
University of North Carolina in American Jour- 
nal of Nursing 


“The text is well documented with illustra- 
trations, charts, and tables. Definitions at the 
end of each chapter will serve to help the stu- 
dent understand the content better. The ap- 
pendix contains an explanation of the slide rule 
and tables of the metric system with English 
equivalents, solubilities of common substances, 
vapor pressures, and mathematics necessary to 
the mastery of chemistry. 


“Each chapter is followed by thought-provok- 
ing exercises and principles which are extracted 
from the general content.’’ Eleanore Molewski 
of Kings County Hospital Center School of 
Nursing in Nursing Outlook. 
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Bausch & Lomb 
STEREOMICROSCOPES 


a is one of twenty different 
models in the “B&L” 3D Stereomicro- 
scope line which features “StereoZoom” 
magnification plus a self-sufficient opti- 
cal system known as the Power Pod. 
With this microscope, magnification is 
continuously variable—not in_ steps, 
but infinite within a wide range. You 
simply turn the “StereoZoom” magni- 
fication dial and watch the sharpest 
possible image zoom to the exact size 
you need. For the entire “B&L” Stereo- 
microscope story, write for catalog 
D-15. 


M-5816-5X Model BVB-73 (illustrated) 
0.7X thru 3X Variable Power Pod, total 
magnification 7X thru 30X ....$385.00 


AIR COMPARISON PYCNOMETER 


iF you’re looking for a simple way to 
obtain volume measurements for densi- 
ty and porosity determinations of ir- 
regular, powdered, and porous solids, 
then this is the instrument for you. 
It gives the answers in minutes—not 
hours. Accuracy is better than 0.1 cc. 
It’s easy to operate, easily calibrated, 
features direct digital readout, and is 
completely portable. Model 930 re- 
quires no power...no liquids...no 
gas pressure determination...no tem- 


perature control. Applications are nu- 


merous. For full information, ask for 
bulletin 786. 


P-9510X Model 930, including 50cc sam- 
ple cup, two standard calibration balls, 
plus instruction manval 


GCIENTIFIC 


LAs 


Preararus‘ 


Branch Sales Offices: Albany 5, N. Y. * Boston 16, Mass. « Elk Grove \ Village, ill. « 


Branch Warehouse: Elk Grove Village, Ill. 


Phil adelphia 4 43, Pa. Silver Md. 


WARBURG APPARATUS 


reas is the word for this new 
Warburg Apparatus. There are two 
models — standard and refrigerated. 
(Standard model is shown mounted on 
refrigeration unit.) Both are real 
space-savers. Manometers rotate a full 
360° in either direction. Eighteen War- 
burg manometers or nine of the Sum- 
merson differential type may be used. 
The bath features a built-in cooling 
coil. A rotatable gassing manifold is 
available. Temperature uniformity is 
outstanding. Bulletin 618, sent on re- 
quest, gives details. 


C-5726 Refrigerated Model, 120 V, 60 
$1,475.00 
C-5725 Standard Model, 120 V, 60 Cycle, 
$875.00 


Note. Other electrical characteristics available 
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RIGHT OFF THE SHELF... 


a stabilized Karl Fischer Reagent that can be used repeatedly with 


negligible loss of titer 


CHEMISTS KNOW that a Karl Fischer titration is the 
quickest, simplest, most direct way to determine water 
in solids, oils, organic materials. With Fisher’s Stabilized 
Karl Fischer Reagent you no longer have to standardize 
before every titration. It’s a single solution that you can 
keep on the shelf for at least a year, using the reagent as 
you need it, and know the titer won’t fall below 5.0 mg 
of water per milliliter of solution. Standardize once— 


when you open a new boitle; it’s usually enough. 

Fisher Stabilized Karl Fischer Reagent (cat. no. So-K-3) 
works equally well in visual titrations and instrumental 
determinations with a Fisher Titrimeter®. Water is meas- 
ured specifically, with +0.01% accuracy. Buy the solu- 
tion in bulk, and the cost per titration is only a few pennies. 
Write for Data Sheet TD-119, “Stabilized Karl Fischer 
Reagent.” 109 Fisher Building, Pittsburgh 19, Pa. 


F-154 


Fe FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appiiances & Reagent Chemicals 
Boston Chicago Ft. Werth Houston New York Odessa Philadelphia - Pittsburgh St. Louis Washington Montreal - Toronto 
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